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EXECUTIVE SUMMARY

The Department of the Navy is
committed to demonstrating en-
vironmental stewardship while
executing its national defense
mission. The Navy is responsible
for compliance with a suite of
federal environmental and natural
resource laws and regulations
that apply to the marine envir-
onment, including the National
Environmental Policy Act
(NEPA), the Marine Mammal
Protection Act (MMPA), the
Endangered Species Act (ESA),
the Magnuson-Stevens Fishery
Conservation and Management
Act, and Executive Order 13089
on Coral Reef Protection. The
Commander, U.S. Atlantic Fleet
(COMLANTFLT) implemented
the marine resource assessment
(MRA) process to develop a
comprehensive compilation of
data and literature con-cerning
the protected and managed
marine resources found in its
various operating areas (OP-
AREASs). The information in this
MRA is vital for planning pur-
poses and for various types of
environmental documentation
such as biological and environ-
mental assessments that must be
prepared in accordance with the
NEPA, MMPA, and ESA.
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This MRA documents and describes the diversity of marine resources, especially those that are
protected or managed, in the North and South Puerto Rico OPAREAs and the St. Croix Underwater
Tracking Range (collectively known as the PROA/St. Croix OPAREA). An overview of the marine
environment in the PROA/St. Croix OPAREA elucidates the important physical parameters. Detailed
information is included on the characteristics and life history of marine mammals and sea turtles that may
occur in the PROA/St. Croix OPAREA and vicinity. Seasonal variations in these marine mammal and sea
turtle occurrence patterns have been identified, mapped, and described along with the likely causative
factors (behavioral, climatic, or oceanographic). The probable distributions of pelagic Sargassum,
benthic communities including coral reefs, and fishing activities (commercial and recreational) are
reviewed as well. Information is provided on such additional considerations as the locations of the U.S.
maritime boundaries, navigable waters, marine protected areas, and recreational diving sites in proximity

to the PROA/St. Croix OPAREA.

A thorough and systematic search for relevant scientific literature and data was completed. All available
sighting, stranding, incidental fisheries bycatch, satellite-tracking, and nesting data for marine mammals
and sea turtles were compiled and interpreted to predict the occurrence patterns (concentrated,
expected, low/unknown, and not expected) of these protected and managed species. Predictions of the
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seasonal occurrence patterns of marine mammals and sea turtles are based on the interpretation of all
available data as well as scientific literature and expert opinion.

The geographical representation of the marine resource occurrences in the PROA/St. Croix OPAREA
and vicinity was a major constituent of this MRA. A geographic information system (GIS) was used to
enter, store, manipulate, and visualize the spatial data and information accumulated for the PROA/St.
Croix OPAREA. Over 200 layers of GIS data and information, including bathymetry, sea surface
temperature, protected and managed species’ occurrences, fishing grounds, Navy OPAREA grids, and
maritime boundaries were created. This summary of the marine resources occurring in the PROA/St.
Croix OPAREA and vicinity is provided in both paper and electronic form.

REPORT ORGANIZATION

This report consists of nine major chapters and associated appendices:

» Chapter 1 Introduction—provides background information on this project, an explanation of its
purpose and need, a review of relevant environmental legislation, and a description of the
methodology used in the assessment;

» Chapter 2 Physical Environment—describes the physical environment of the PROA/St. Croix
OPAREA, including the marine geology (physiography, bathymetry, and bottom sediments), physical
oceanography (circulation and currents), hydrography (temperature and salinity), and biological
oceanography (chlorophyll concentrations and plankton);

» Chapter 3 Species of Concern—covers marine mammals and sea turtles found in the PROA/St.
Croix OPAREA with detailed narratives of their morphology, status, habitat preferences, distribution,
behavior, life history, acoustics, and hearing;

» Chapter 4 Habitats of Concern—discusses the occurrence of pelagic Sargassum, corals, hard
bottom communities, seagrasses, and artificial habitats (artificial reefs and shipwrecks) in the
OPAREA and vicinity;

» Chapter 5 Fish and Fisheries—investigates fish and fishing activities (commercial/artisanal and
recreational) that occur within the OPAREA,;

» Chapter 6 Additional Considerations—provides information on maritime boundaries, navigable
waters/shipping routes, marine protected areas, and recreational diving locations;

» Chapter 7 Recommendations—suggests future avenues of research that are necessary to fill the
data gaps identified in this project and prioritizes research needs from a cost/benefit approach;

» Chapter 8 List of Preparers—lists all individuals that prepared this MRA report;
» Chapter 9 Glossary—includes definitions of the terms used in the MRA report;

» Appendix A—contains source information for marine mammal and sea turtle data, data confidence
levels, and map projection information;

» Appendix B—furnishes marine mammal data tables and occurrence maps;
» Appendix C—presents sea turtle data tables and occurrence maps; and

» Appendix D—provides reference map figures on mylar/transparency sheets.
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1.0 INTRODUCTION

This marine resource assessment (MRA) was implemented by the United States (U.S.) Navy’s (Navy)
Commander, U.S. Atlantic Fleet to initiate collection of data and information concerning the protected
and commercial marine resources found in the U.S. Atlantic Fleet’s (Fleet) Puerto Rico Operating Areas
(OPAREAS) and St. Croix Underwater Tracking Range (UTR). For the purposes of this MRA, the Puerto
Rico OPAREASs and St. Croix UTR are considered as one unit or operating area (hereinafter referred to
as the PROA/St. Croix OPAREA).

1.1 PURPOSE AND NEED

The goal of this MRA is to describe and document the marine resources in the PROA/St. Croix OPAREA
and vicinity, including both protected and commercial marine species. This MRA report provides a
compilation of the most recent data and information on the occurrence of these resources in the
PROA/St. Croix OPAREA and vicinity. A synopsis of environmental data for the PROA/St. Croix
OPAREA and in-depth discussions of the species and habitats of concern found in the eastern
Caribbean region are included. The locations of commercial and recreational fishing grounds as well as
other areas of interest (such as marine protected areas and scuba diving sites) are also addressed in
this assessment.

The assembled information in this MRA will serve as a baseline from which the Navy may evaluate future
actions and consider adjustments to training exercises or operations in order to mitigate potential
impacts to protected and commercial marine resources. This assessment will contribute to the Fleet’s
Integrated Long-Range Planning Process and represents an important component in the Fleet’'s ongoing
compliance with U.S. federal mandates that aim to protect and manage resources in the marine
environment. All species and habitats that are potentially affected by the Navy’s maritime exercises and
are protected by U.S. federal resource laws or executive orders are considered in this assessment.

A search and review of relevant literature and data were conducted to summarize the relevant features
of the marine environment, the occurrence patterns of protected species, and the distribution of
important marine habitats and fishing activities occurring in the PROA/St. Croix OPAREA and vicinity. To
describe the physical environment of the PROA/St. Croix OPAREA, physiographic, bathymetric,
geologic, hydrographic, and oceanographic data for the eastern Caribbean are presented. All available
sighting, stranding, satellite-tracking, and nesting data for marine mammals and sea turtles were
compiled and interpreted to predict the occurrence patterns of protected species in the OPAREA.
Seasonal variations in occurrence have been identified, mapped, and described along with the
associated factors (e.g., behavioral patterns, climate regimes, or oceanographic processes).
Characteristics of these species, such as their behavior and life history, relevant to the evaluation of
potential impacts of Navy operations are included. The likely distributions of pelagic Sargassum, benthic
communities (coral reefs, seagrasses, and artificial habitats), and fishing activities (commercial/artisanal
and recreational) in the PROA/St. Croix OPAREA and vicinity are also reviewed. Additional
considerations, including the locations of U.S. maritime boundaries, commercial shipping lanes, marine
protected areas, and recreational diving sites in proximity to the OPAREA, are provided. This summary
of the marine resources occurring in the PROA/St. Croix OPAREA and vicinity is provided in both paper
and electronic form.

1.2 LOCATION OF STUDY AREA

The PROA/St. Croix OPAREA is located in the northeastern Caribbean Sea and encompasses the
waters surrounding three groups of islands: Puerto Rico (PR), the U.S. Virgin Islands (USVI), and the
British Virgin Islands (BVI) (Figure 1-1). Within the northern Caribbean region, Puerto Rico completes a
chain of several large islands, stretching from west to east, known as the Greater Antilles. This group of
islands also includes Cuba, Jamaica, and Hispaniola (Haiti and the Dominican Republic). The U.S. Virgin
Islands and British Virgin Islands are part of a chain of much smaller-sized islands known as the Lesser
Antilles, which are oriented primarily from north to south at the eastern border of the Caribbean Sea. This
island chain terminates near the northern coast of South America. The Lesser Antilles is composed of
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Source maps (scanned): NIMA (1993a, 1993b).

140d3d 1vNId

€002 Y39IN3NON



NOVEMBER 2002 FINAL REPORT

of the Leeward Islands in the north, the Windward Islands in the south, and a few other islands (e.g.,
Trinidad and Tobago) located off the coast of Venezuela. The Virgin Passage, located between Culebra,
PR and St. Thomas, USVI forms the boundary between the Greater and Lesser Antilles (Figure 1-2).
Together with the Yucatan Peninsula, the Greater and Lesser Antilles separate the Caribbean Sea from
both the Gulf of Mexico and the Atlantic Ocean.

Puerto Rico (a commonwealth) and the U.S. Virgin Islands (a territory) are both possessions of the U.S.
while the British Virgin Islands is an overseas territory of the United Kingdom (U.K.). The Commonwealth
of Puerto Rico is composed of the large principal island, Puerto Rico, as well as many smaller islands
including Mona, Monito, Desecheo, Culebra, Culebrita, Palomino (actually a chain of very small islands),
and Vieques (Figure 1-2). Three islands comprise the U.S. Virgin Islands: St. Croix, St. John, and St.
Thomas. The British territory, British Virgin Islands, includes many islands, the largest of which are
Anegada, Tortola, Jost Van Dyke, and Virgin Gorda.

The PROA/St. Croix OPAREA covers 121,961 square kilometers (km2) of ocean area. It is composed of
the North and South PROAs as well as the St. Croix UTR. However, Warning Area W-371, located in the
South PROA adjacent to areas W-374, W-375, and W-376 is not included as part of the OPAREA in this
assessment as training operations are not scheduled in this grid block. The North PROA stretches as far
north as 20°50’'N in the northwestern Atlantic Ocean, while the South PROA extends as far south as
15°33'N in the northeastern Caribbean Sea. The chain of islands running from west to east from Puerto
Rico to Sombrero Island separates the two PROAs. The PROA/St. Croix OPAREA reaches as far east
as the waters due north of Anguilla and St. Martin at 63°09'W and as far west as the waters off
northwestern Puerto Rico at 67°00'W. Important Navy installations in the PROA/St. Croix OPAREA
vicinity include Naval Station Roosevelt Roads (NSRR) in eastern Puerto Rico and the Inner Range off
eastern Vieques Island.

1.3 APPLICABLE LEGISLATION

The primary environmental laws that govern Navy activities in the marine environment include the
National Environmental Policy Act, the Marine Mammal Protection Act, the Endangered Species Act, and
the Magnuson-Stevens Fishery Conservation and Management Act. In addition to these acts, there are
several other federal mandates and executive orders that deal with resource conservation and
management in ocean waters under U.S. jurisdiction. Following is a chronological list of the many laws
and regulations that the Navy must consider when conducting maritime operations.

1.3.1 Federal Resource Laws

» The National Environmental Policy Act (NEPA) of 1969 established national policies and goals for
the protection of the environment. The NEPA aimed to encourage harmony between people and the
environment, to promote efforts to prevent or eliminate damage to the environment and the
biosphere, and to enrich the understanding of ecological systems and natural resources important to
the country. Thus, environmental factors must be given appropriate consideration in all decisions
made by federal agencies.

The NEPA is divided into two sections: Title I, which outlined a basic national charter for protection of
the environment, and Title Il, which established the Council on Environmental Quality (CEQ). The
CEQ monitors the progress made towards achieving the goals set forth in Section 101 of the NEPA.
Other duties of the CEQ include advising the President on environmental issues and providing
guidance to other federal agencies on compliance with the NEPA.

Section 102(2) of the NEPA contained "action-forcing" provisions, ensuring that federal agencies act
according to the letter and the spirit of the law. These procedural requirements direct all federal
agencies to give appropriate consideration to the environmental effects of their decision-making and
to prepare detailed environmental statements on recommendations or reports on proposals for
legislation and other major federal actions significantly affecting the quality of the environment.
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Future studies and/or actions requiring federal compliance that may utilize the data contained in this
MRA should be prepared in accordance with Section 102(2)(c) of the NEPA, the CEQ regulations on
implementing NEPA procedures (40 Code of Federal Regulations [CFR] 1500-1508), and the
Department of the Navy (DoN) regulations on implementing NEPA procedures (32 CFR 775).

» The Marine Mammal Protection Act (MMPA) of 1972 established a moratorium on the “taking” of
marine mammals in waters or on lands under U.S. jurisdiction. The MMPA defined taking as
“harassing, hunting, capturing, killing, or attempting to harass, hunt, capture, or kill any marine
mammal” (16 U.S. Code [U.S.C.] 1362[13]). Unless permitted by the Secretary of the Interior or the
Secretary of Commerce for use in scientific research or for public display, the importation into the
U.S. of any marine mammal parts or products was prohibited. In the 1994 amendments to the
MMPA, two levels of “harassment” were defined. Harassment was defined as any act of pursuit,
torment, or annoyance that has the potential to injure a marine mammal or marine mammal stock in
the wild (Level A), or any act that has the potential to disturb a marine mammal or marine mammal
stock in the wild by disrupting behavioral patterns including, but not limited to, migration, breathing,
nursing, breeding, feeding, or sheltering (Level B).

Section 101(a)(5)(A) of the MMPA directed the Secretary of Commerce, upon request, to authorize
the unintentional taking of small numbers of marine mammals incidental to activities (other than
commercial fishing) when, after notice and opportunity for public comment, the Secretary: (1)
determined that total number of takes during a five-year (or less) period have a negligible impact on
the affected species or stock, and (2) prescribed necessary regulations that detail methods of taking
and monitoring and requirements for reporting. The MMPA provided that the moratorium on takes
may be waived when the affected species or population stock is at its optimum sustainable
population and will not be disadvantaged by the authorized takes (i.e., be reduced below its
maximum net productivity level). Section 101(a)(5)(A) also specified that the Secretary has the right
to deny permission to take marine mammals if, after notice and opportunity for public comment, the
Secretary finds: (1) that applicable regulations regarding taking, monitoring, and reporting were not
followed, or (2) that takes were, or may be, having more than a negligible impact on the affected
species or stock.

» The Marine Protection, Research, and Sanctuaries Act (MPRSA), often referred to as the “Ocean
Dumping Act,” was enacted in 1972, two days after passage of the MMPA. The dumping of waste
materials beyond U.S. territorial waters is regulated by the MPRSA; the act also provided guidelines
for the designation and regulation of national marine sanctuaries. Persons or vessels subject to U.S.
jurisdiction are prohibited by MPRSA Titles | and Il from transporting any material out of the U.S. for
the purpose of dumping it into ocean waters without a permit. The term “dumping,” however, does
not include the intentional placement of devices in ocean waters or on the sea bottom when the
placement occurs pursuant to an authorized federal or state program. Waste materials include but
are not limited to garbage, dredged material, radioactive materials, and construction debris. These
materials may be transported to and dumped into the ocean under conditions stipulated by permits
issued by the Environmental Protection Agency (EPA) for all waste materials except dredge spoil or
by the Army Corps of Engineers (ACOE) for dredged materials. Ocean dumping, however, is
possible only if no other reasonable alternatives are available.

» The Coastal Zone Management Act (CZMA) of 1972 established a voluntary national program
through which states can develop and implement coastal zone management plans (USFWS 2000).
The National Oceanic and Atmospheric Administration (NOAA), under the Secretary of Commerce,
administers this act. States use coastal zone management plans “to manage and balance competing
uses of and impacts to any coastal use or resource” (NOAA 2000). A coastal zone management plan
must be given federal approval before the state can implement the plan (USFWS 2000). The plan
must include, among other things, defined boundaries of the coastal zone, identified uses of the area
that the state will regulate, a list of mechanisms that will be employed to control the regulated uses,
and guidelines for prioritizing the regulated uses. The CZMA also authorized the implementation of a
National Estuarine Research Reserve (NERR) system.

1-5



NOVEMBER 2002 FINAL REPORT

In addition, the act provided federal agencies with restrictions concerning their behavior in relation to
managed zones. Federal agency actions that affect the zone must be “consistent to the maximum
extent practicable” with the applicable plan regulations (Coastal Zone Reauthorization Amendments
of 1990). Indirect federal actions, such as activities accomplished with a federal permit, must strictly
comply with the applicable plan regulations.

» The Endangered Species Act (ESA) of 1973 established protection over and conservation of
threatened and endangered species and the ecosystems upon which they depend. An “endangered”
species is a species that is in danger of extinction throughout all or a significant portion of its range
while a “threatened” species is one that is likely to become endangered within the foreseeable future
throughout all or in a significant portion of its range. All federal agencies are required to implement
protection programs for threatened and endangered species and to use their authority to further the
purposes of the ESA. The U.S. Fish and Wildlife Service (USFWS) and the National Marine Fisheries
Service (NMFS) jointly administer the ESA and are responsible for the listing (i.e., the labeling of a
species as either threatened or endangered) of all candidate species.

A species may be a candidate for listing as a threatened or endangered species due to any of the
following five factors: (1) current/imminent destruction, modification, or curtailment of its habitat or
range; (2) overuse for commercial, recreational, scientific, or educational purposes; (3) experiencing
high levels of disease or predation; (4) existing regulatory mechanisms offer inadequate protection;
or (5) continued existence is being affected by other natural or human-induced factors.

The major responsibilities of the USFWS and NMFS under the ESA include: (1) the identification of
threatened and endangered species; (2) the identification of critical habitats for these species; (3) the
implementation of research programs and recovery plans for these species; and (4) the consultation
with other federal agencies concerning measures to avoid, minimize, or mitigate the impacts of their
activities on these species (Section 7 of the ESA). Further duties of the USFWS and NMFS include
regulating “takes” of listed species on public or private land (Section 9) and granting incidental take
permits to agencies that may unintentionally “take” listed species during their activities (Section 10a).

The ESA allowed the designation of geographic areas as critical habitat for threatened or
endangered species. Both the physical or biological features essential to the conservation of a
threatened or endangered species are included in the habitat designation. Designation of critical
habitat affects only federal agency actions and federally funded or permitted activities.

There are 31 species of marine mammals, six species of sea turtles, and a multitude of marine fish
and invertebrate species with potential occurrence in the OPAREA. Seven marine mammal and all
six sea turtle species are listed as threatened or endangered (Table 1-1). Of the marine mammal
species, the NMFS has jurisdiction over the whales while the USFWS has jurisdiction over the
manatee. The NMFS has jurisdiction over sea turtles while they are in the water, and the USFWS
has jurisdiction over nesting individuals.

» The Fishery Conservation and Management Act of 1976, later renamed the Magnuson-Stevens
Fishery Conservation and Management Act (MSFCMA), established a 200-nautical mile (NM) fishery
conservation zone in U.S. waters as well as a network of regional Fishery Management Councils
(FMCs). The FMCs are comprised of federal and state officials, including individuals from the
USFWS, the organization that oversees fishing activities within the fishery management zone. The
act also established national standards (e.g., optimum yield, scientific information, allocations,
efficiency, and costs/benefits) for fishery conservation and management. In 1977, the multifaceted
regional management system began allocating harvesting rights, with priority given to domestic
enterprises. Since a substantial portion of fishery resources in offshore waters was allocated for
foreign harvest, these foreign allocations were eventually reduced as domestic fish harvesting and
processing industries expanded under the domestic preference authorized by the MSFCMA. At that
time, exclusive federal management authority over U.S. domestic fisheries resources was vested in
the NMFS.
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Table 1-1. The threatened and endangered marine mammal and sea turtle species with potential
occurrence in the PROA/St. Croix OPAREA. Marine mammal taxonomy follows Rice (1998) for the
West Indian manatee and IWC (2001) for cetaceans. Sea turtle taxonomy follows Pritchard (1997).

Marine Mammals

Humpback whale Megaptera novaeangliae Endangered
Sei whale Balaenoptera borealis Endangered
Fin whale Balaenoptera physalus Endangered
Blue whale Balaenoptera musculus Endangered
Sperm whale Physeter macrocephalus Endangered
West Indian manatee Trichechus manatus Endangered
Sea Turtles

Leatherback sea turtle Dermochelys coriacea Endangered
Green sea turtle Chelonia mydas Threatened®
Hawksbill sea turtle Eretmochelys imbricata Endangered
Loggerhead sea turtle Caretta careftta Threatened
Kemp’s ridley sea turtle Lepidochelys kempii Endangered
Olive ridley sea turtle Lepidochelys olivacea Threatened®

@ As a species, the green sea turtle is listed as threatened. However, the Florida and Mexican Pacific coast nesting

populations are listed as endangered.
As a species, the olive ridley sea turtle is listed as threatened. However, the Mexican Pacific coast nesting
population is listed as endangered.

The authority to place observers on commercial fishing and processing vessels operating in specific
geographic areas is also provided by the MSFCMA. The data collected by the National Observer
Program, which is overseen by the NMFS, is often the best means to get recent data on the status of
many fisheries. Without observers and observer programs, there would not be sufficient fisheries
data for effective management. Observer programs also satisfy requirements of the ESA and the
MMPA by documenting incidental fisheries bycatch of federally protected species, such as marine
mammals and sea turtles.

» In 1977, Congress addressed the heightened concern over water pollution by amending the Federal
Water Pollution Control Act (FWPCA) of 1948. The 1977 amendments, known as the Clean Water
Act (CWA), extensively amended the FWPCA and established the framework for regulating
discharges of pollutants into the waters of the U.S. For a synopsis of FWPCA initiatives before 1977,
consult USFWS (2000), which documents the history of the FWPCA since its origin.

Through standards, technical tools, and financial assistance, the CWA was designed to accomplish
two goals: (1) to make U.S. waters fishable and swimmable and (2) to eliminate contaminant
discharge into U.S. waters. The CWA gave the EPA the authority to implement pollution control
programs and continued the provision set in the FWPCA to set water quality standards for all
contaminants in surface waters. Section 403 of the CWA established permit guidelines specific to the
discharge of contaminants into the territorial sea, the contiguous zone, and waters further offshore
(USFWS 2000). Provisions of the CWA required permits for the discharge of pollutants from a point
source and funded sewage treatment plant construction (EPA 2002). In addition to regulating
pollution in offshore waters, the CWA, under the amendment known as the Water Quality Act of
1987, also required state and federal agencies to devise programs and management plans that aim
to maintain the biological and chemical integrity of estuarine waters. In estuaries of national
significance, NOAA is permitted to conduct water quality research in order to evaluate state and
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federal management efforts. The 1987 amendment phased out the sewage treatment plant funding
process and replaced it with a state funded program (EPA 2002).

» In addition to the CWA, the Marine Plastic Pollution Research and Control Act (MPPRCA) of 1987
also regulates the discharge of contaminants into the ocean. Under this federal statute, the
discharge of any plastic materials (including synthetic ropes, fishing nets, plastic bags, and
biodegradable plastics) into the ocean is prohibited. The discharge of other materials, such as
floating dunnage, food waste, paper, rags, glass, metal, and crockery, is also regulated by this act.
Ships are permitted to discharge these types of refuse into the water but they may only do so when
beyond a set distance from shore, as prescribed by the MPPRCA. An additional component of this
act required that all ocean-going, U.S. flag vessels greater than 12.2 meters (m) in length, as well as
all manned, fixed, or floating platforms subject to U.S. jurisdiction, keep records of garbage
discharges and disposals (NOAA 1998).

» During the reauthorization of the MPRSA in 1992, Title lll of the MPRSA was designated the
National Marine Sanctuaries Act. Title Ill authorized the Secretary of Commerce to designate and
manage areas of the marine environment with nationally significant aesthetic, ecological, historical,
or recreational value as national marine sanctuaries. The primary objective of this law was to protect
marine resources, such as coral reefs, sunken historical vessels, or unique habitats while facilitating
all compatible public and private uses of these resources. National marine sanctuaries, similar to
underwater parks, are managed according to management plans, which are prepared by the NOAA
on a site-by-site basis. The NOAA is responsible for administering the National Marine Sanctuary
Program.

» In 1996, the MSFCMA was reauthorized and amended by the Sustainable Fisheries Act (SFA). The
SFA provided a new habitat conservation tool, the Essential Fish Habitat (EFH) mandate. The EFH
mandate required that the regional FMCs, through federal Fishery Management Plans (FMP),
describe and identify EFH for each federally managed species, minimize to the extent practicable
adverse effects on such habitat caused by fishing, and identify other actions to encourage the
conservation and enhancement of such habitats. Congress defined EFH as “those waters and
substrate necessary to fish for spawning, breeding, feeding, or growth to maturity” (16 U.S.C.
1802[10]). The term “fish” is defined in the SFA as “finfish, mollusks, crustaceans, and all other forms
of marine animals and plant life other than marine mammals and birds” (16 U.S.C. 1802[12]). The
regulations for implementing EFH clarified that “waters” include all aquatic areas and their biological,
chemical, and physical properties, and “substrate” includes the associated biological communities
that make these areas suitable fish habitats; the description and identification of the EFH includes
habitats used at any time during a species’ life in all its life history stages (NMFS 2002).

Authority to implement the SFA was given to the Secretary of Commerce through the NMFS. The
SFA required that EFH be identified and described for each federally managed species. The
identification must include descriptive information on the geographic range of the EFH for all life
stages as well as maps of the EFH for life stages, over appropriate temporal and spatial scales. The
NMFS and regional FMCs are required to determine the species distributions by life stage and to
characterize associated habitats, including habitat areas of particular concern (HAPC). The SFA
required federal agencies to consult with the NMFS on activities that may adversely affect EFH. For
actions that affect a threatened or endangered species, its critical habitat, and its EFH, federal
agencies must integrate ESA and EFH consultations.

In 2002, the EFH Final Rule was authorized, which simplified EFH regulations (NMFS 2002).
Significant changes delineated in the EFH Final Rule are: (1) clearer standards for identifying and
describing EFH, including the inclusion of the geographic boundaries and a map of the EFH, as well
as guidance for the FMCs to distinguish EFH from other habitats; (2) more guidance for the FMCs on
evaluating the impact of fishing activities on EFH and clearer standards for deciding when FMCs
should act to minimize the adverse impacts; and (3) clarification and reinforcement of the EFH
consultation procedures (NMFS 2002). The process by which federal agencies can integrate
MSFCMA EFH consultations with ESA Section 7 consultations is described in NMFS (2002).
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1.3.2 Executive Orders

» Executive Order 12114 on Environmental Effects Abroad of Major Federal Actions was passed in
1979 to further environmental objectives consistent with U.S. foreign and national security policies by
extending the principles of the NEPA to the international stage. Under Executive Order 12114,
federal agencies that engage in major actions that significantly affect a non-U.S. environment must
prepare an environmental assessment of the action’s effects on that environment. This is similar to
an environmental impact statement (EIS) or environmental assessment (EA) developed under the
NEPA for environments in the U.S. Certain actions, such as intelligence activities, disaster and
emergency relief actions, and actions that occur in the course of an armed conflict, are exempt from
this order. Such exemptions do not apply to major federal actions that significantly affect an
environment that is not within any nation’s jurisdiction, unless permitted by law. The purpose of the
order is to force federal agencies to consider the effects their actions have on international
environments.

> Executive Order 12962 on Recreational Fisheries was enacted in 1995 to ensure that federal
agencies strive to improve the “quantity, function, sustainable productivity, and distribution of U.S.
aquatic resources” so that recreational fishing opportunities nationwide can increase. The
overarching goal of this order was to promote the conservation, restoration, and enhancement of
aquatic systems and fish populations by increasing fishing access, education and outreach, and
multi-agency partnerships.

The National Recreational Fisheries Coordination Council (NRFCC), co-chaired by the Secretaries of
the Interior and Commerce, is charged with overseeing federal actions and programs that are
mandated by this order. The specific duties of the NRFCC include: (1) ensuring that the social and
economic values of healthy aquatic systems, which support recreational fisheries, are fully
considered by federal agencies; (2) reducing duplicative and cost-inefficient efforts among federal
agencies; and (3) disseminating the latest information and technologies to assist in the conservation
and management of recreational fisheries. In June 1996, the NRFCC developed a comprehensive
Recreational Fishery Resources Conservation Plan (RFRCP), specifying what member agencies
would do to achieve the order’s goals (NMFS 1999). In addition to defining federal agency actions,
the plan also ensured agency accountability and provided a comprehensive mechanism to evaluate
achievements (Panek 1998). A major outcome of the RFRCP has been the increased utilization of
artificial reefs to better manage recreational fishing stocks in U.S. waters.

» Executive Order 13089 on Coral Reef Protection was issued in 1998 “to preserve and protect the
biodiversity, health, heritage, and social and economic value of U.S. coral reef ecosystems and the
marine environment.” The executive order directed all federal agencies to protect coral reef
ecosystems to the extent feasible and instructed particular agencies to develop coordinated science-
based plans to restore damaged reefs as well as mitigate current and future impacts on reefs, both in
the U.S. and around the globe (Agardy 2000). This order also established the interagency U.S. Coral
Reef Task Force, co-chaired by the Secretary of the Interior and the Secretary of Commerce through
the Administrator of the NOAA.

> Executive Order 13158 of 2000 is a furtherance of Executive Order 13089 and was established to
create a framework for a national system of marine protected areas (MPAs). An MPA is defined in
Executive Order 13158 as “any area of the marine environment that has been reserved by federal,
state, territorial, tribal, or local laws or regulations to provide lasting protection for part or all of the
natural and cultural resources therein.” This executive order strengthened governmental interagency
cooperation in protecting the marine environment. The MPA Executive Order also called for stronger
management of existing MPAs, the creation of new MPAs, and the prevention of harm to marine
ecosystems by federally approved, conducted, or funded activity (Agardy 2000).

1-9
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1.4 METHODOLOGY
1.4.1 Literature and Data Search

A thorough and systematic search for relevant scientific literature and data was conducted. Once
identified, information vital to the production of this MRA report was obtained, reviewed, and catalogued.
Of the available scientific literature (both published and unpublished), the following types of documents
were utilized in the assessment: journals, periodicals, bulletins, monographs of scientific and
professional societies, theses, dissertations, project reports, endangered species recovery plans, stock
assessment reports, EISs, FMPs, and other technical reports published by government agencies, private
businesses, or environmental consulting firms. Scientific literature was also consulted for marine
resource occurrence information, especially geographic coordinates, within the PROA/St. Croix
OPAREA.

Information from the following sources was collected to investigate the physical environment; to
determine the occurrence of marine mammals, sea turtles, pelagic Sargassum, benthic habitats,
recreational and commercial fishing grounds; and to ascertain the distribution of shipping routes,
maritime boundaries, diving sites, and MPAs in the waters of the PROA/St. Croix OPAREA.:

» Academic and educational/research institutions (Caribbean Conservation Corporation, Caribbean
Stranding Network [CSN], College of William and Mary, Duke University, Florida Marine Research
Institute, Old Dominion University, Puerto Rico Sea Grant, Texas A&M University, Texas A&M
University at Galveston, University of Miami, University of North Texas, University of Puerto Rico at
Mayaguez, University of Rhode Island, University of Texas at Dallas, and Virginia Institute of Marine
Science);

» University on-line databases: DIALOG (Oceanic Abstracts, Enviroline, Pollution Abstracts, Aquatic
Sciences and Fisheries Abstracts, Life Science Collection, Zoological Record Online, Water
Resources Abstracts, National Technical Information Service, Federal Register, Dissertation
Abstracts, and BIOSIS Previews), First Search (BIODigest, BiolAgrindex, GenScilndex, and the
Government Printing Office), and Cambridge Abstracts;

» The Internet, including various databases and related websites (NOAA, NMFS, U.S. Geological
Survey [USGS], Caribbean Fishery Management Council [CFMC], South Atlantic Fishery
Management Council [SAFMC], Naval Oceanographic Office, Department of State, Central
Intelligence Agency, United Nations Environment Programme [UNEP], Caribbean Environment
Programme, Natural Resources Defense Council, The Nature Conservancy, Elsevier, Allen Press,
Blackwell-Science, ReefBase, Reef Environment Education Foundation, Food and Agriculture
Organization, Federal Register, Marine Turtle Newsletter, Proceedings of the Annual Sea Turtle
Symposium, University of Florida Sea Turtle Bibliography, Billfish Tournament Network, International
Game Fish Association, and the National Sea Grant Library);

» International organizations (UNEP: Caribbean Environment Programme, World Conservation
Monitoring Centre; Wider Caribbean Sea Turtle Conservation Network); territorial agencies (Puerto
Rico Department of Natural and Environmental Resources [DNER], British Virgin Islands National
Parks Trust, U.S. Virgin Islands Department of Planning and Natural Resources); and federal
agencies (USGS; NOAA [NMFS: Office of Protected Resources, Office of Habitat Protection,
Southeast Fisheries Science Center; National Ocean Service; National Marine Mammal Laboratory;
CFMC; SAFMC]; USFWS [Ecological Services Field Offices; National Wildlife Refuge System]; U.S.
National Park Service [Buck Island Reef National Monument; Virgin Islands National Park]; National
Aeronautic and Space Administration; Marine Mammal Commission; Minerals Management Service;
and U.S. Coast Guard); and

» Marine resource experts/specialists.
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1.4.2 Spatial Data Representation—Geographic Information System

The geographical representation of marine resource occurrences in the PROA/St. Croix OPAREA and
vicinity was a major constituent of this MRA report. The marine resources data and information
accumulated for this project were accessed from a wide variety of sources, were in disparate formats,
covered a broad range of time periods, and represented differing levels of accuracy as well as quality
assurance. The spatial or geographical component that was common to all datasets allowed the widely
dissimilar data to be visualized in a meaningful manner. Without this common data characteristic,
graphical display of such disparate data would have been difficult, if not impossible, to achieve.

A geographic information system (GIS) was used to store, manipulate, analyze, and visualize the spatial
data and information accumulated for the PROA/St. Croix OPAREA. For this project, Environmental
Systems Research Institute, Inc.'s (ESRI) ArcView® version 3.2 GIS software was used to create the
majority of map figures and ArcView® version 8.2 was used to create the metadata as well as some
features of the three-dimensional map figures. ArcView® was chosen for this project due to its
widespread use, ease of operation, and its ability to create multiple views and layouts within the same
project file.

The geographic locations of important marine resources in the PROA/St. Croix OPAREA and vicinity
were derived from four types of data or information sources (in order of reliability): source data, scanned
source maps, source information, and information adapted from published maps. “Source data” include
geographic coordinates and GIS shapefiles. Some of the data were only available as graphical
representations or “source maps.” These data were electronically scanned, imported into ArcView®, and
geo-referenced using the Image Analysis extension with significant information being digitized into a
shapefile format. Materials acquired as Adobe® Portable Document Format (PDF) files were also treated
as scanned source maps (i.e., they were geo-referenced and pertinent information was digitized) since
they were already in a digital form. A third type of source, “source information,” encompassed information
that was neither taken from a scanned map nor was available in coordinate form. For example, maps
displaying non-coordinate data, information given via personal communication, or information extracted
from a literature description are referenced as source information. Spatial representations of this type of
information were created and geo-referenced. In certain cases, source maps and/or information had to
be interpreted to be usable in the GIS environment. Maps displaying geographic information that was
interpreted or altered from the original source map/information are noted in the figure caption as being
“adapted from” that source.

The source type and associated references for all marine resource data presented in the map figures are
listed in each figure’s caption. The full reference citations for map source data or information may be
found in the Literature Cited section of each MRA chapter. The two primary types of spatial information
used in the PROA/St. Croix OPAREA MRA were coordinate data and scanned maps. These two source
types are associated with differing levels data reliability or confidence (see Appendix A, Table A-1 for a
further explanation of data confidence). Numerical or authentic data are associated with the highest level
of reliability while data obtained by scanning source maps is less reliable.

Problems were encountered when datasets were combined during the development of the map figures.
Source data were not in a standard format, there was no standard naming convention for species
names, and some datasets included missing or unlabeled data fields. To mitigate these difficulties, many
steps were taken to standardize and ensure the quality of the numerical data, especially for the marine
mammal and sea turtle data. Therefore, prior to using the data, a master database was created in
Microsoft® Access where the data format was standardized so that the data could be merged and later
used in the GIS. To accomplish this, data were manipulated to match dataset records with a set of
standard field names. In some cases, the latitude and longitude had to be converted to decimal-degrees
with accuracy to the fourth decimal place. Species’ common names were added to the database to
replace the multiple species codes that accompanied the original data. The different types of codes used
for species names in the original datasets were not always consistent from one dataset to the next. To
maintain the integrity of the original data, all fields and records were kept without alteration. When
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necessary, fields were created to add supplemental information or data that was altered from that given
in the original data source. Fields that were added are signified by the “GMI_" prefix. For example,
source fields were added to the main dataset to indicate the origin of the data and are shown in the field
as “GMI_source.”

GIS data are displayed as layers or "themes" for which scale, areal extent, and display characteristics
can be specified. Multiple themes are represented on an individual map figure. Throughout the
assessment process, data imported into ArcView® had to be maintained in the most universal, least
transformed manner in order to avoid conflict between theme coordinate systems and projections. In the
GIS, the most flexible spatial data format is the unprojected geographic coordinate system, which uses
decimal-degree latitude and longitude coordinates (see Appendix A-1 for more information on map
projections). The decimal-degree format is the only coordinate system format that allows unlimited,
temporary, custom projection and re-projection in ArcView® and is therefore the least restrictive spatial
data format. The printed maps and electronic GIS map data for this MRA report are unprojected and are
therefore not as spatially precise (in terms of distance, area, and shape) as a projected map.
Consequently, the map figures should not be used for measurement or analysis.

Once the marine resource data were imported and stored in the GIS, maps were created representing
multiple layers of either individual or combined data. The majority of maps in this report are presented in
two forms: a display that includes four seasonal maps per page and a display that includes one full-page
map. Maps of each display type are presented at the same approximate scale; the full-page maps are at
the approximate scale of 1:3,500,000 while each of the seasonal maps (one of four maps per page) is
shown at the approximate scale of 1:7,000,000. The maps in this MRA report are presented in kilometers
and statute miles; nautical miles currently cannot be displayed for a scale bar in ArcView® 3.2.

The ability to display and analyze multiple data themes or layers simultaneously is one of the advantages
to using a GIS rather than other graphic software. Customizations were made to the software in
Avenue®, ESRI's proprietary macro-language, to automate the more repetitive map-making tasks as well
as the processing and analysis of large volumes of data.

1.4.21 Maps of the Physical Environment—Oceanography

While many of the map figures in this chapter utilized data that were acquired from published literature
that had been scanned or from electronic map figures, bathymetric data were acquired as geographic
coordinates (source data) giving depth below mean sea level. Data points were distributed in 2-minute
(min) intervals across the PROA/St. Croix OPAREA vicinity. These point data were imported into the
Spatial Analyst extension of ArcView® software, which interpolated and contoured the data at 10 m
intervals. Selected isobaths from the resulting two-dimensional contours are shown on various maps
throughout the MRA report. The continental shelf break displayed on nearly all map figures included in
this MRA was created using GIS in conjunction with the definition for the gradient change that occurs at
the shelf break. This “true” shelf break was created using the 2-min contoured bathymetry data as the
main geographic reference and therefore reflects the level of precision and accuracy of that data. The
line depicting the continental shelf break does not follow a single isobath but varies in water depth,
ranging from 1 to 100 m.

Bathymetry for the ocean floor underlying the PROA/St. Croix OPAREA and its vicinity, including the
Puerto Rico Trench, are illustrated three-dimensionally. Triangular irregular networks (TINs), which
interpolate intermediate data values between original data points, were created from the bathymetry data
using the ArcView® 3D Analyst extension. To show the three-dimensional (3D) bathymetry of the
OPAREA, TINs were created directly from the 2-min point data; to depict the 3D bathymetry of the
Puerto Rico Trench, TINs were instead created from data contoured at 100 m intervals. The TINs were
added to the ArcView® 8.2 ArcScene® extension to achieve the full 3D display. ArcScene® allows the 3D
display to be manipulated (rotated and tilted). The most authentic display was exported directly from an
ArcScene® view as a graphic file (tif), which was then imported into ArcView® for the final map layout.
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1422 Biological Resource Maps—Species of Concern

Marine mammal and sea turtle occurrence data were accumulated from every available source;
however, it was impossible to obtain every data source in existence for the PROA/St. Croix OPAREA
(Appendix A-2). All available marine mammal and sea turtle aerial and shipboard sighting survey,
opportunistic sighting, stranding, incidental fisheries bycatch, radio- or satellite-tagging, and nesting/track
data were compiled and used in this MRA (Appendix A, Table A-2). The shipboard data were obtained
from NMFS-SEFSC while the aerial survey data came from a variety of sources. Data coverage is
greatest in the areas closest to the Puerto Rico Platform in the OPAREA (Figure A-1).

In addition to data taken from agencies and institutions, miscellaneous sighting data available from the
scientific literature were also used in this MRA. These data were vital to predicting seasonal occurrence
patterns for protected species known to inhabit the waters of the PROA/St. Croix OPAREA. Seasons
throughout the report are defined as winter (January through March), spring (April through June),
summer (July through September), and fall (October through December).

When working with the marine mammal and sea turtle data, several assumptions were made. First, it
was assumed that the species identifications given in the original datasets were correct. This assumption
was necessary since the reliability of species identifications from one dataset to the next was not always
known. For the sake of consistency, reliability of species identifications was not considered in the plotting
of any marine mammal or sea turtle data.

Although it was assumed that the species identifications were correct, it could not always be assumed
that the geographic coordinates given in the dataset were correct. Problems were often encountered
when the original data coordinates were plotted and animals were shown to occur in unexpected
locations. This was especially true of the stranding data. For example, the geographic coordinates of
several strandings indicated that they occurred well out to sea or far inland. In such cases, the stranding
record was verified for accuracy and then moved as close to the original geographic description as
possible. If a stranding record could not be verified as accurate and was too far offshore or inland to
estimate a likely shore position, it was deleted.

An underlying premise used during the map creation process was that a conservative approach to
delineating occurrence patterns of marine mammals and sea turtles was necessary since all six sea
turtles and several of the marine mammals are either endangered or threatened. This approach included,
whenever possible or pertinent, the use of sighting data from a broader taxonomic level. For example, in
considering the distribution of fin whales, we also considered the distribution of unidentified rorquals, the
family to which fin whales belong. This provided additional information to aid in the determination of the
possible occurrence patterns of this species.

In order to effectively work with the marine mammal data and determine the possible effect of
unidentified cetaceans on the distribution of the other cetacean species, it became necessary to combine
certain groups of unidentified animals. There were many categories of unidentified cetacean species, as
the species identifications were not standard. Examples are unidentified small whales, unidentified large
whales, unidentified rorquals, and unidentified dolphins. For the purposes of this project, most categories
of unidentified species were merged to create one category called unidentified cetaceans. There were
some exceptions to this combining process. Unidentified rorquals (the family of baleen whales which
includes the blue, fin, sei, minke, Bryde’s, and humpback whales) were left as a separate group to
conservatively determine endangered whale distribution for the PROA/St. Croix OPAREA. Although the
category of unidentified rorquals includes the non-endangered/non-threatened minke and Bryde’s
whales, it seemed appropriate to use the group of unidentified whales when determining the distribution
of endangered whales in the PROA/St. Croix OPAREA, as most rorquals are endangered species.

The data for individual and groups of species were used to develop polygons of seasonal occurrence for
marine mammal and sea turtle species. Four types of occurrence information may be displayed on each
turtle or mammal map: areas of “expected occurrence” (areas encompassing the expected distribution of
a species based on what is known of its habitat preferences, life history, and the available sighting,
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stranding, and, when applicable, nesting or tagging data), areas of “concentrated occurrence” (subareas
of a species’ expected occurrence where there is the highest likelihood of encountering that species; this
designation is based primarily on areas of concentrated sightings and preferred habitat), areas of
“low/unknown occurrence” (areas where a species is believed to be rare or the likelihood of encountering
that species is not known), and areas labeled “occurrence not expected” (areas where a species is not
expected to be encountered).

A high number of sightings indicates nothing about the number of individual animals associated with
each sighting; a sighting for some species, particularly some dolphin species, may involve a very large
group, consisting of hundreds, even thousands of individual animals. The degree of detailed information
regarding group size varied widely across datasets.

1.4.23 Biological Resource Maps—Habitats of Concern

Multiple sources of data and information were used in the creation of maps for the habitats of concern.
Since current information on the occurrence of pelagic Sargassum in the North Atlantic Ocean and the
Caribbean Sea is not available, several historical maps of this macroalgae’s distribution (dating back to
1891) were scanned from the scientific literature to create the composite map of pelagic Sargassum. The
maps displaying benthic communities are also good examples of multiple data sources being used in the
creation of a single map. These maps were created using source data (GIS shapefiles and coordinate
data) as well as scanned images that were available from the scientific literature and governmental
agencies.

1424 Biological Resource Maps—Fish and Fisheries

The commercial/artisanal and recreational fishing maps are also composites of multiple data sources.
Most of these maps were created from habitat descriptions provided in fish stock assessments and other
similar technical reports. Since the information used to determine a fishing ground’s location was often
not available in a format compatible with GIS (i.e., was not available as a scannable map or geographic
coordinates), the displayed fishing grounds were instead based upon an important limiting parameter
(e.g., bathymetry, distance from shore), which was described in the source document as restricting the
fishery geographically. Cases in which fishing grounds were created solely from habitat descriptions are
noted in the figure caption with the term “Map adapted from” preceding the source.

To display the likely extent of recreational fishing tournaments by season, a 360° buffer (radius 75 NM)
was created around each city or island’s perimeter where a tournament is known to originate. Due to
long travel times from shore, it was assumed that fishermen would probably not journey more than 75
NM offshore during the course of any offshore tournament. To show this information graphically, the 360°
buffers were clipped to the shoreline to show the projected area of ocean coverage for each tournament.

1.4.25 Maps of Additional Considerations

Information regarding U.S. maritime boundaries, navigable waters, MPAs, and recreational diving sites in
the PROA/St. Croix OPAREA and vicinity was gathered from a wide array of sources. Maps displaying
the locations of the U.S. exclusive economic zone (EEZ) and major commercial shipping lanes around
Puerto Rico and the U.S. Virgin Islands were created from data, maps, and information available in U.S.
government agency documents and websites. MPAs and recreational diving sites were depicted using
geographic data and information that were either donated by on-site specialists or available from the
primary, secondary, and tertiary literature. The creation of the U.S. territorial waters was accomplished
by buffering 12 NM outward from the shoreline of all the Puerto Rican islands as well as the islands in
the USVI. The coastline of each island was splined to reduce the number of vertices and expedite the
buffering process. The areas where the 12 NM buffers overlapped between islands were merged to
create the smoothed and continuous territorial waters data layer.
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1.4.3 Inherent Problems with Marine Survey Data

When attempting to use aerial and shipboard survey data as a major indicator of a species’ occurrence,
it is necessary to first recognize the inherent problems associated with each survey type. One of the
main drawbacks of surveys in the marine environment is that shipboard and aerial surveys count the
number of animals at the water's surface, where species such as cetaceans and sea turtles spend
relatively little time. Since sea turtles spend over 90% of their time underwater, it has been estimated that
marine surveys undersample (underestimate) the total number of sea turtles in a given area by as much
as an order of magnitude (Shoop and Kenney 1992; Renaud and Carpenter 1994). While scientists have
devised mathematical formulas to account for animals not seen at the surface, the diving behavior of one
individual may be different from that of other members of the same species. Even though marine
mammals and sea turtles are obligated to come to the surface to breathe, many individuals will not
surface within an observer’s field of view. This is of particular concern when attempting to sight species
that dive for extended periods of time, do not possess a dorsal fin, and are known to exhibit cryptic
behavior, such as beaked whales, Kogia spp., and sperm whales (Wirsig et al. 1998; Barlow 1999).
Beaked whales are often solitary individuals, which makes their sightability much different from a species
that regularly occurs in large groups, such as dolphins in the genus Stenella (Scott and Gilbert 1982).

Sighting conditions also affect the sightability of marine mammals and sea turtles. Sighting frequencies
vary due to the amount of sun glare on the water’s surface, the sea state, and the water clarity. Both sea
state and glare have statistically significant effects on sighting frequency (Scott and Gilbert 1982;
Thompson 1984). When water clarity is poor, animals are difficult to sight below the water’s surface, and
only those animals at the water’s surface that are extremely close to the observer are usually identifiable.

Problems also arise when attempting to select an optimal and efficient survey method for sampling
marine mammals and sea turtles. Since most surveys are multi-species surveys, the sampling design,
although likely cost- and labor-efficient, cannot be considered optimal for each species (Scott and Gilbert
1982). The altitude at which marine mammal aerial surveys are flown is much higher than is desirable to
sight sea turtles (which are typically much smaller than cetaceans). Shipboard surveys designed for
sighting marine mammals are adequate for detecting large sea turtles but usually not the smaller-sized
turtles. Their relatively small size, diving behavior, and startle responses to vessels and aircraft make
smaller sea turtles difficult to sight or visually observe from a ship. The youngest age-classes, which
often inhabit waters far from land, are extremely difficult to spot. There have been no shipboard surveys
in the Atlantic Ocean, Gulf of Mexico, or Caribbean Sea designed to specifically address information
needs relative to sea turtles. Other difficulties with marine surveys include weather, time, and logistical
constraints. For example, the operating cost for a research vessel is approximately $10,000 per day
(Forney 2002).

In addition, marine surveys are unable to assist scientists in accurately describing the seasonal
occurrence of marine mammals and sea turtles in extremely large areas such as the Atlantic Ocean and
Caribbean Sea. The occurrence of marine mammals and sea turtles in an area often changes on a
seasonal basis in response to changes in water temperature, the movement and availability of prey, or
an individual’s life history requirements, such as reproduction. Therefore, the number of sightings on a
specific date over a specific trackline may not be representative of the number of individuals occurring in
the entire area over the course of an entire season. As a result, sighting frequency is often a direct result
of the level of survey effort expended in a given area.

1.4.4 Inherent Problems with Stranding Data

Data on marine mammal and sea turtle strandings were used as supplemental information in predicting
occurrence patterns of these protected species in the PROA/St. Croix OPAREA, since the majority of the
data collected for this project came from a stranding database provided by Dr. Antonio Mignucci-
Giannoni of the CSN. In the case of sea turtles, nearly all occurrence records for the U.S. Virgin Islands
and British Virgin Islands came from the CSN stranding dataset. Aerial and shipboard surveys are most
successful in determining occurrence patterns of marine mammals and sea turtles when the sighting
conditions are optimal. Stranding networks, however, often operate year-round, even in inclement
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weather. Stranding records, therefore, can be a useful tool when used to supplement sighting survey
data for seasons in which there is little to no survey effort.

How closely the distribution of marine mammal and sea turtle stranding records mirrors the actual
occurrence of a species in a given region is often not known. Sick animals may strand well beyond their
normal range and carcasses may travel long distances before being noticed by observers. Stranding
frequency in a given area is as much a function of nearshore and offshore current regimes and coastal
zone patrol efforts as it is a function of the stranded species’ actual pattern of occurrence. Since coastal
species will strand more frequently than oceanic species due to their closer proximity to shore, stranding
frequencies should not be used when attempting to compare the occurrence of a coastal versus an
oceanic stock in a certain area. Comparisons can not be made between species of differing sizes and
social structures, as strandings of large-bodied species and groups of individuals are much more likely to
be reported than strandings of small-bodied species or single individuals. An additional problem with the
use of stranding data involves the inability of reporters to identify carcasses as a certain species. For
example, only the most experienced marine mammal scientists are likely able to differentiate between
the several species of beaked whale in the genus Mesoplodon.

1.5 REPORT ORGANIZATION

This report consists of nine major chapters and associated appendices. The Executive Summary
provides an overview of the important aspects of this MRA report. Chapter 1—Introduction provides
background information on this assessment project, an explanation of its purpose and need, a review of
relevant environmental legislation, and a description of the methodology used in the preparation of the
assessment. Chapter 2—Physical Environment describes the physical environment of the PROA/St.
Croix OPAREA, including the physiography, bathymetry, circulation/currents, hydrography (surface
temperature and salinity), as well as plankton and primary productivity relevant to this area. Chapter
3—Species of Concern covers two protected taxa found in the PROA/St. Croix OPAREA: marine
mammals and sea turtles. For these species, detailed narratives of their morphology, status, habitat
preferences, distribution, behavior, life history, acoustics, and hearing have been provided. Chapter
4—Habitats of Concern discusses the occurrence of pelagic Sargassum, coral reefs, seagrasses, and
artificial habitats (including artificial reefs, shipwrecks, and fish aggregating devices) in the OPAREA and
vicinity. Chapter 5—Fish and Fisheries investigates both fish and fishing activities (commercial/artisanal
and recreational) that occur within the OPAREA. Chapter 6—Additional Considerations provides
information on U.S. maritime boundaries, navigable waters, MPAs, and recreational diving locations.
Chapter 7—Recommendations suggests future avenues of research that may fill the data gaps identified
in this project and prioritizes research needs from a cost-benefit approach. Chapters 8 and 9 are the List
of Preparers and Glossary, respectively. Appendix A includes supplementary materials referred to in the
Introduction (including the marine mammal and sea turtle data sources) while Appendices B and C
contain data tables and occurrence map figures that are described or referenced in the marine mammal
and sea turtle sections (3.1 and 3.2, respectively) of Chapter 3. Appendix D includes six map figures
produced on mylar or transparency sheets. These map figures are included as helpful references and
can be overlain on any of the map figures within this MRA report.

This report is written in a format and reference style similar to that found in The Chicago Manual of Style,
14™ Edition. Cited literature appears at the end of each chapter except in Chapter 3, Species of Concern,
where it appears at the end of each chapter section.
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2.0 PHYSICAL ENVIRONMENT OF THE PROA/ST. CROIX OPAREA

The Caribbean Sea is a relatively small, nearly enclosed, tropical sea that is separated from the North
Atlantic Ocean on the north and east sides by the complex island archipelago chain of the Antilles Island
Arc (Greater and Lesser Antilles islands) and to the west and south by the land masses of Central and
South America, respectively (Figure 2-1). The PROA/St. Croix OPAREA encompasses the ocean area
where the northwestern Atlantic Ocean and northeastern Caribbean Sea meet at the intersection of the
Greater and Lesser Antilles island chains. The closely spaced islands of the Antilles Arc form nine
passages that funnel the inflowing Atlantic Ocean waters into the Caribbean Sea.

The Caribbean Sea is generally considered to be oligotrophic (37-55 ¢ C/m2/yr) but is seasonally
influenced by the enormous freshwater and nutrient input from the Amazon and Orinoco Rivers (equal to
20% of the world’s annual river discharge) (Miller-Karger et al. 1989). The climate in the Caribbean
region is tropical, with warm temperatures (about 31°C, maximum mean temperature) and seasonally
varying rainfall. In the PROA/St. Croix OPAREA vicinity, the rainfall annually ranges from <12 cm near the
coast to >500 cm in the mountain island interiors (Beach 1975). Rainfall on the islands of the eastern
Caribbean Sea is so variable that geographic areas separated by as little as 20 km experience as much
as a five-fold difference in the amount of rain that falls (FAO 1993). Tropical storms and hurricanes occur
primarily during late summer and early fall while winds are generally strongest in spring and summer.
Winds along the south coasts of Puerto Rico are modified by land and flow from the southwest (FAO
1993). Weather in the Caribbean is determined by the interaction of the easterly flowing Trade Winds, the
mid-latitude high-pressure cell found in the North Atlantic Ocean, and cold fronts arriving from the north
and northwest.

The islands of the Greater Antilles, particularly Puerto Rico and the Virgin Islands, are exposed on their
unprotected northern shores to the higher wave energy of the open Atlantic Ocean. Large swells, with 12
to 16 sec periods and heights to 4 m, are common during November through April on the northern shores
of these islands (Morelock et al. 2000). These large swells usually accompany frontal systems arriving
from the north. Dangerous waves also develop in the narrow channels and passages between islands
due to the concentration of the wave’s energy by the bottom topography.

Biologically, the Caribbean Sea is similar to other tropical regions of the world. The predominant shallow
water and coastal marine habitats include mangrove forests, seagrass beds, and coral reefs. Fish
diversity is high, particularly of coral reef and deepwater fish species. Marine mammals, sea turtles, and
marine birds are plentiful in the Caribbean Sea, especially in the protected and productive coastal
environments.

2.1 MARINE GEOLOGY
2.1.1 Geologic Setting of the Caribbean Sea

The Caribbean Sea is a unique area geologically. It rides atop the small Caribbean Plate, a rigid relatively
thin (100 to 150 km thick) piece of the Earth’s crust (Figure 2-2; Kennett 1982). The small Caribbean
Plate is sandwiched between the much larger North and South American Plates. When the edges of
these plates meet, tectonic (structural) and seismic (earthquake) activity results. The Caribbean Plate
moves roughly eastward while the North and South American Plates move roughly westward. It is,
therefore, inevitable that the Caribbean and American Plates will meet or converge. The convergence of
these plates occurs along the eastern boundary of the Caribbean Plate, under the Lesser Antilles island
arc. In this region, the American Plates are driven under the Caribbean Plate in a process called
subduction. Ocean trenches and island arcs characterize subduction zones.

As the Caribbean Plate continues to move eastward, sediments on top of the South American Plate are
scraped off and accumulated into a large heap in the v-shaped void created by the subducting plates. The
deformed sediments sometimes become massive enough that they reach the surface, forming an island.
Barbados, the only non-volcanic island in the Lesser Antilles, was formed in this manner.
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Active volcanoes and earthquakes are prevalent along the subduction zone beneath the islands of the
Lesser Antilles (Kennett 1982). A band of earthquake activity defines the eastern boundary of the
Caribbean Plate. Earthquakes in the area northeast of Anguilla are shallow, originating 10 to 20 km below
the surface, while those whose epicenter is beneath the Lesser Antilles island arc deepen to >150 km
(Dillon et al. 1988). About 200 earthquakes with magnitudes ranging from 2.5 to 5.9 on the Richter scale
occurred between October 2001 and January 2002 in the ocean area north of Puerto Rico and the Virgin
Islands; as recently as July 31, 2002, a magnitude 4.7 earthquake was registered in the British Virgin
Islands (Shimel 2002; USGS 2002). Earthquakes occur in the eastern Caribbean due to the stress on the
American Plates as they bend and descend beneath the Caribbean Plate in addition to the grinding action
when the American Plates meet (Figure 2-2).

The plate substrate and accumulated sediments begin to melt as the American Plates descend into the
Earth’s superheated interior. The molten material is less dense and rises to the surface to form
volcanoes. Volcanoes of the Lesser Antilles erupt explosively, as evidenced by the Montserrat eruptions
of the 1990s. At the northeastern border of the Caribbean Plate north of Puerto Rico, subduction of the
North American Plate continues. Little sediment is found on the subducting North American Plate, so no
sediment is available to fill the deep void created by the subducting plate. Therefore, volcanoes did not
form in this area but the deep void or trench remained. This is the location of the Puerto Rico Trench, the
deepest trench found in the Atlantic Ocean (Figures 2-1 and 2-3).

The northern and southern sides of the Caribbean Plate are sliding past the American Plates while on the
western plate boundary, another plate (Cocos) is being driven or subducted beneath the Caribbean Plate
(Figure 2-2). The northern boundary of the Caribbean Plate is fairly straight except for two bends or
deviations. These deviations in the linearity of the boundary and unceasing eastward movement of the
Caribbean Plate have caused sediments to crumple and fold north of the Hispaniola Basin and a gap or
opening to form between the Yucatan and Jamaica (Dillon et al. 1988). As this gap widened, molten
material from the Earth’s interior rose to fill the open space, the method in which new crust is formed. The
opening resulted in the formation of the Cayman Trough or Trench (Figure 2-1). The southern boundary
of the Caribbean Plate is fairly linear to the east and an arcing curve to the west. Compression at the
curved area of the boundary causes major faults and uplift to occur. The western boundary where the
Cocos and Caribbean Plates meet forms another subduction zone similar to that found on the eastern
plate boundary. The layer of sediments on the subducting Cocos Plate are thin, so a deep (6 km) unfilled
trench, similar to the Puerto Rico Trench, was formed (Dillon et al 1988).

2.1.2 Physiography and Bathymetry

The sea floor of the Caribbean Sea is characterized by trenches/troughs, island chains, and deep basins
separated by a system of elevated, parallel ridges or rises (Figure 2-1). Jamaica Ridge, the elevated area
stretching from the coasts of Honduras and Nicaragua towards Jamaica and terminating at Haiti, is the
largest, at 644 km wide, in the Caribbean Sea. The majority of islands, rim the Caribbean (except in the
southwest and west perimeters), but Jamaica and the Cayman Islands are found in the western interior
atop the Jamaica Ridge and Cayman Rise. Venezuela Basin is the largest and deepest of the five basins
within the Caribbean Sea. At its deepest point, 5,650 m, the sea floor is nearly flat (Avdeev and
Beloussev 1971).

2.1.2.1 Continental Margins

Continental margins form the boundary or transition between the continents and the ocean basins.
Simplistically, there are two types of continental margins: active (Pacific) and passive (Atlantic). Passive
continental margins, such as the Atlantic coasts of North and South America, consist of three
physiographic provinces that transition from one another with depth: continental shelf, continental slope,
and continental rise. Passive margins are not plate boundaries but strictly distinguish the ocean-continent
interface. They are stable and lack any seismic activity or volcanism. Active continental margins, as found
on the western or Pacific coasts of North and South America, transition rapidly from continental shelf and
slope to a deep trench; active margins mark the boundary between two converging crustal plates. Active
margins are associated with seismic activity, volcanoes, trenches, and active mountain building.
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A third type of continental margin exists in the Caribbean region: the transform margin. Transform
margins result from the horizontal movement of two crustal plates sliding along one another and are
associated with shallow earthquakes (Kennett 1982). Seismic activity is possible at this type of margin but
they can also be remarkably stable. This type of margin can be considered a hybrid between the other
two types of margin, with some features of each margin type represented. For instance, the continental
margin off Venezuela consists of a continental borderland similar to that found off California where the
continental shelf is separated from the continental slope by islands and basins, as well as a continental
terrace where there is a more typical transition from the continental shelf to the slope (Maloney 1971).

The eastern and northeastern parts of the Caribbean Sea are active continental margins while the north-
central, northwestern, western, and southern Caribbean Sea boundaries are transform margins. It is not
surprising then, that it is difficult to describe specifically the depths at which all the physiographic
provinces are found in the Caribbean.

The continental shelf has little relief and is gently sloping with a seaward gradient of less than 1:1,000
(Kennett 1982). The width of the continental shelf and the depth at which it is found are highly variable
throughout the Caribbean Sea. The width of Caribbean continental shelves ranges from 1.6 to 100 km
with an average of approximately 45 km while the depth can vary from <10 m to 120 m compared to the
world averages of 78 km and 130 m (Avdeev and Beloussev 1971; Mahoney 1971; Kennett 1982). The
continental shelf break, where the gradient changes abruptly from the gentle slope of the shelf (<1:1,000)
to the steep slope of the continental slope (1:40), marks the border of the continental shelf and beginning
of the continental slope. In general, the depth of the continental shelf break from the Yucatan Peninsula to
Venezuela is roughly 100 to 200 m except near the Panama Canal where it decreases in depth to 40 to
60 m (Avdeev and Beloussev 1971). The Caribbean insular shelf breaks are usually much shallower,
however, extending from 10 to 140 m (Avdeev and Beloussev 1971).

The average depth to which the continental slope descends is 1,500 to 3,500 m worldwide and, in the
Caribbean, the continental slope extends to the maximum depth of 3,600 m (Avdeev and Beloussev
1971). Continental rises are the deepest part of the continental margin and are found just above the
ocean basin floor or abyssal plains. This province ranges in width from 100 to 1,000 km with a seaward
gradient of 1:100 to 1:700 (Kennett 1982). In the Caribbean, continental rises are found on the flanks of
the many ridges and rises that dominate the sea floor, terracing into the deep flat bottoms of the basins.

In the PROA/St. Croix OPAREA, the continental margin begins with an insular shelf called the Puerto
Rico Platform, a carbonate and volcanic elevated plateau-like feature, which encompass the islands of
Puerto Rico and all the Virgin Islands except St. Croix. The platform is about 40 to 48 km wide and 350
km long. The continental shelf break on the Puerto Rico Platform is highly variable in depth and marks the
seaward perimeter of the platform. The water depths at which the shelf break occurs on the Puerto Rico
Platform range from about 1 m to 100 m, although 40 m is the mean shelf-break water depth on the
platform (Figure 2-4). The continental shelf on the northern side of Puerto Rico is very narrow, <1 to 3 km
wide (Morelock 2000). The sea floor descends rapidly to the north of Puerto Rico to the deepest depths of
the Atlantic Ocean. The Puerto Rico Platform shelf is very flat on the south and eastern sides of Puerto
Rico. The insular platform shelf continues east from Puerto Rico to its terminus just east of Anegada
Island, BVI. The shelf off southern Puerto Rico is the widest on the platform, ranging up to 21 km
(Morelock 2000). The gradient of the continental slope is not as steep on the south side of Puerto Rico,
where the depths descend into the Muertos Trough, at approximately 4,800 m. Between Vieques Island
and St. Croix lies a deep hole, called the Virgin Island Trough or Basin, with depths approaching 5,000 m.

The vast majority of the PROA/St. Croix OPAREA lies over deep water (Figures 2-3 and 2-4). In the North
PROA, water depths range from less than 100 m where the OPAREA boundary nears the coast of Puerto
Rico to 8,400 m in the Puerto Rico Trench. The majority of the North OPAREA lies over waters averaging
more than 5,000 m in depth. The waters underlying the South PROA are shallower than the North PROA,
ranging from several hundred meters off southern Puerto Rico to 5,000 m, with the majority of the area
lying over waters ranging in depth from 3,500 to 5,000 m deep.
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2.1.3 Bottom Substrate

The bottom sediments covering the sea floor in much of the Caribbean are primarily terrigenous in origin
(sand, silt, mud, and clays). Sediments found on the insular shelves in the Caribbean are a combination
of terrigenous and carbonate sediments. The Puerto Rico Platform is typical of insular shelves in the
region with a mixture of carbonate sands, terrigenous sands, and terrigenous muds covering much of the
platform, especially near the island shores. The north and western sections of the Puerto Rico Platform
insular shelf and slope are covered with predominately terrigenous mud material composed of silt and
clay as the result of river discharge on those shores. The majority of the remaining platform is covered
with carbonate sands derived from calcareous animal skeletons. The upper slope of the insular slope is
covered with a sandy mud that contains <50% sand (Morelock 2000).

2.2 PHYSICAL OCEANOGRAPHY
2.2.1 Water Masses, Currents, and Circulation

The waters of the Caribbean Sea are highly stratified in the upper 1,200 m of the water column but are
weakly stratified with near homogeneous conditions below that (Gordon 1967). This structure is due
primarily to the depths of the passages through which water from the Atlantic Ocean flows into the
Caribbean. The Windward, Virgin, and Grenada Passages are the three primary entry points for inflowing
Atlantic waters. Grenada Passage is slightly less than 1,200 m deep while the Virgin and Windward
Passages are closer to 2,000 m deep (Gordon 1967).

The water column can be divided into essentially three separate layers or water masses: a surface water
layer, a deepwater layer, and an intermediate area called the thermocline where the water temperature
rapidly changes from the warmer surface water to the colder deep water. About 67% of the water in the
North Atlantic Ocean can be found in the deep layer, 25% is found in the middle, thermocline layer, and
8% is composed of warm surface waters (Schmitz et al. 1987). Wind and water density differences drive
the circulation of these water masses. Surface currents are primarily driven by the drag of the wind over
the water surface. Wind-driven circulation affects primarily the upper 100 m of the water column.
Variations in temperature and salinity cause differences in water density; these differences drive
thermohaline or vertical circulation. Thermohaline circulation causes movement in water masses at all
levels of the water column (i.e., deep and surface). The Caribbean Sea, however, lacks the temperature
extremes and high evaporation rates necessary for thermohaline circulation to dominate (Gordon 1967).

2.2.11 Surface Currents

Surface water in the vicinity of the Caribbean Sea moves northwesterly, driven by the northeasterly Trade
Winds. The dominant surface current in the Caribbean is the Caribbean Current (Figure 2-5). Just north of
the Caribbean Sea, the Antilles Current dominates surface flow in the same westerly direction. The
Antilles Current is part of the Western Boundary Current system that merges with the Florida Current and
becomes the Gulf Stream, flowing northward along the U.S. east coast. The Antilles Current has a higher
velocity than the Caribbean Current, with the maximum occurring in April through May.

The Caribbean Current enters the Caribbean Sea through the Grenada and St. Vincent Passages and
travels nearly diagonally from southeast to northwest across the Caribbean. This current continues on
through the Yucatan Straits into the Gulf of Mexico. There is seasonal variability in the flow of the
Caribbean Current but not enough to disrupt the general pattern of transport (Kjerfve 1986).

2.2.1.2 Deepwater Currents/Water Masses

The cold, mid-depth and bottom waters of the Caribbean Sea are formed a great distance from this
tropical area, in the subpolar regions of the Atlantic Ocean. The three cold, deeper water masses or
currents found in the Caribbean Sea, Caribbean Bottom Water, North Atlantic Deep Water, and
Subantarctic Intermediate Water, are driven by density rather than wind and are found in the deep basins
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of the Caribbean (Wiist 1964). These water masses enter the Caribbean Sea through the Grenada,
Windward, and Virgin Passages.

» Caribbean Bottom Water—Caribbean Bottom Water (CBW) is the Antarctic Bottom Water equivalent
in the Caribbean Sea. Antarctic Bottom Water (AABW) is formed by wintertime convection in the
Southern Ocean, specifically in the Weddell Sea. Here, sea ice is formed, concentrating salt into the
surrounding cold water and thus increasing its density. This very dense water sinks to the bottom and
flows northward where it mixes with the warmer, more saline North Atlantic Deep Water (NADW).
When AABW enters the Caribbean Sea, it is thereafter called CBW (Wiist 1964). The CBW current
flows along the bottom of the Caribbean Sea southwesterly from the Virgin Passage into the
Venezuela, Columbia, and Grenada Basins. CBW is characterized by salinities of 34.96 to 34.97
practical salinity units (psu). This water mass also enters the Caribbean through the Windward
Passage and flows west into the Cayman Trough and Basin into the Yucatan Basin.

> North Atlantic Deep Water—The most abundant water mass in the North Atlantic Ocean is NADW,
which is a mixture of water from several sources and is characterized by its high oxygen content
(Wist 1964). Iceland-Scotland Overflow Water crosses the Mid-Atlantic Ridge into the western basin
of the North Atlantic through the Gibbs Fracture Zone (53°N) where it joins the Denmark Strait
Overflow water. This combined flow mixes to form NADW and flows northward along the coast of
Greenland, then southward along the Labrador coast, past the Grand Banks (Kennett 1982; Schmitz
et al. 1987; Pickard and Emery 1990). Once this water mass reaches the continental slope, it is
defined as the Western Boundary Under Current, which flows southwest along the continental rise
below 2,000 m (Schmitz et al. 1987), crossing the Gulf Stream near Cape Hatteras. This southward
flow is a permanent feature of the deep circulation of the Atlantic Ocean. The NADW can be
considered as a countercurrent flowing beneath the Gulf Stream and beneath the Antilles Current at a
rate of 6 to 18 cm/sec (Wiist 1964).

» Subantarctic Intermediate Water—Subantarctic Intermediate Water (SAIW) forms at 50°S and flows
northward throughout the South Atlantic Ocean into the western North Atlantic Ocean. North of 40°S,
SAIW extends over the entire Atlantic Ocean basin at depths of 700 to 900 m (Wiist 1964). As this
water mass reaches 30°S, its spread and transport intensifies along South America due to the
Coriolis effect. This water mass flows northwest and enters the Caribbean through the Grenada and
St. Vincent Passages as a distinctive body of water with the characteristic salinity of 34.7 psu. SAIW
flows through the Caribbean in the same path taken by the surface Caribbean Current.

2213 Upwelling

Upwelling is the process by which surface water is replaced by deep water. Upwelling is a wind-driven or
dynamic (through the interaction of currents, density, or bathymetry) process where warmer, nutrient-poor
surface water is replaced by colder, nutrient- and oxygen-rich water from the depths (Mann and Lazier
1991). In wind-driven upwelling, surface water is horizontally transported perpendicular to the direction of
the wind. Deep, cold water moves vertically to the surface to replace the surface water that was
transported horizontally.

There are coastal areas of the world where persistent winds cause upwelling to occur nearly year-round.
Major upwelling areas of the world are found off the coasts of Peru, California, and southwestern Africa.
Upwelling usually leads to increased surface primary productivity as the higher concentrations of
dissolved nutrients in the upwelled water spur growth and reproduction of phytoplankton.

Upwelling can also occur along ocean frontal boundaries. Upwelling usually leads to increased surface
primary productivity as the higher concentrations of dissolved nutrients in the upwelled water spur growth
and reproduction of phytoplankton. In the Caribbean Sea, persistent upwelling is found near the
Columbia/Venezuela coasts (Kjerfve 1986).
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2.3 HYDROGRAPHY
2.3.1 Temperature

The surface water temperatures of the Caribbean Sea do not vary greatly, as is expected from a tropical
body of water. Sea surface temperatures in the winter range from 24°C to 26.5°C with summer
temperatures averaging 27° to 30°C (Figure 2-6). Temperatures vary little across the Caribbean’s surface
during any season, but the warmest water temperatures are off Cuba in the summer while the coolest are
off Venezuela in the winter, likely due to river discharge into the sea. Temperatures in the PROA/St. Croix
OPAREA vary by only 1°C in each season, so that the surface waters are nearly homogeneous in
temperature.

232 Salinity

The surface salinity of the Caribbean Sea is high, ranging from 33.5 to 36.0 psu in the summer and fall
with little variability in the winter and spring seasons: 35.5 to 36.75 psu (Figure 2-7). The lowest salinities
are found near the coast of South America and in the eastern Caribbean during the summer through fall,
probably due to inflow of Orinoco River water into this area. Salinities increase in a westward direction so
that highest salinities are found near Cuba during summer through fall. Surface salinities are highest near
the coasts of Columbia and Venezuela in the winter and spring. During the winter and spring seasons,
salinities in the surface waters of the PROA/St. Croix OPAREA are nearly uniform at 36 psu while more
variation occurs in the summer and fall when salinities range from 34.5 to 36 psu in a south to north
gradient through the OPAREA.

24 BIOLOGICAL OCEANOGRAPHY

Detailed descriptions of protected species such as marine mammals and sea turtles as well as species
such as corals, seagrasses, and Sargassum that form specialized habitats may be found in later chapters
of this MRA (Chapters 3, 4, and 5). In this section, the most important but often most neglected
organisms, the plankton, are discussed with particular reference given to any physical mechanisms that
affect their occurrence. Plankton are vital to life in the oceans as they form the base of the complex
oceanic food webs, upon which higher organisms such as marine mammals, fish, and sea turtles depend.

2.4.1 Plankton

Plankton are pelagic organisms that float or drift and cannot maintain their direction against the
movement of water masses (Parsons et al. 1984). They swim weakly or not at all. In a sense, they are at
the mercy of their aquatic environment. Plankton are comprised of bacterioplankton (bacteria),
zooplankton (animals) including ichthyoplankton (larval fish), and phytoplankton (plant-like). In general,
this group of organisms is very small or microscopic, ranging to about 20 millimeters (mm) in size. There
are exceptions; jellyfish and pelagic Sargassum, for example, are unable to move against the surrounding
currents and therefore are considered part of the plankton group even though some jellyfish can grow to 3
m in diameter. Plankton are the most numerous organisms in the sea.

2411 Phytoplankton

Phytoplankton are single-celled organisms that are similar to plants because they use sunlight and
chlorophyll to photosynthesize. Phytoplankton are autotrophs and are the most important primary
producers in most marine environments. Their growth and distribution are influenced by several factors,
the most important of which are temperature (Eppley 1972), light (Yentsch and Lee 1966), and nutrient
concentration (Goldman et al. 1979). Other factors such as pH and salinity also affect growth and
production (Parsons et al. 1984). Phytoplankton distribution is patchy, occurring in environments that
have optimal light, temperature, and nutrient conditions. In general, the concentration of phytoplankton
will be higher in nearshore areas where there is input of nutrients from land sources. Phytoplankton use
dissolved nitrogen (nitrate/nitrite/ammonia), phosphorous (phosphate), and silica (silicate) in their growth
and photosynthetic processes. Phosphorous limitation is typical of freshwater systems and marine
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systems are more likely to be nitrogen limited. Important sources of nutrients in the Caribbean Sea are
the discharge from the Orinoco River in northeastern Venezuela as well as the Amazon River, which is
transported into the Caribbean Sea by currents and eddies from northeastern South America.

Composition of the phytoplankton community varies spatially and temporally. In general in the marine
environment, the amount of primary production as well as the species diversity and biomass (total
number) of phytoplankton decrease with increasing distance from shore. Primary production also
decreases with increasing water depth. The most frequently used method to estimate phytoplankton
biomass is by measuring the amount of chlorophyll a in the water column or at the sea surface. Thus, the
concentration of chlorophyll a is often used as a proxy for phytoplankton biomass or abundance. Once
the chlorophyll a concentration is known, the amount of primary production (or the amount of carbon
produced) can also be obtained (Figure 2-8). Although the level of primary production and phytoplankton
biomass is low in the oligotrophic (lacking nutrients) waters of the tropical Caribbean Sea, higher levels of
primary productivity are present in the coastal waters surrounding many Caribbean islands, perhaps due
to sewage and riverine discharge increasing the nutrient concentrations of these coastal waters. The
waters off the coast of Venezuela are also higher in primary productivity (1,600 to 3,000 mg of C/m2/day)
than the surrounding Caribbean Sea waters, due largely to Orinoco River runoff, which supplies the
nutrients needed for phytoplankton growth and reproduction. The majority of the eastern Caribbean,
including the waters of the PROA/St. Croix OPAREA, supports about 200 to 800 mg of C/m2/day of
phytoplankton biomass (Figure 2-8).

2.4.1.2  Zooplankton

Zooplankton are aquatic animals ranging from the smallest protozoans to jellyfish (Wiebe et al. 1987).
Although many are able to move sizable distances at moderate speeds and thus can perform diel vertical
migrations of hundreds of meters, ocean currents and the suitability of the physical, chemical, and
biological components of the hydrographic regimes they encounter determine their large-scale horizontal
distributions.

In general, the biomass of zooplankton is higher in deeper water overlying the continental slope (as much
as four times higher [Wiebe et al. 1987]). There is a spring enhancement of biomass within the upper 200
m (Wiebe et al. 1987). Increases in zooplankton biomass may occur when shelf water intrudes over slope
water, creating a stratified water column. High nutrients and a shallow mixed layer will give rise to
enhanced primary production, which in turn leads to an increase in zooplankton biomass or secondary
production. In waters of the PROA/St. Croix OPAREA, copepods dominate the zooplankton with larger
densities being found at night, verifying their diel migration (Youngbluth 1979). Significantly higher
abundances of zooplankton were found during July in conjunction with the peak chlorophyll a
concentrations and at the beginning of the seasonal salinity decrease in the waters south of Puerto Rico
(Yoshioka et al. 1985). This suggests that upwelling at the edge of areas of low salinity is associated with
increases in plankton abundance.
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3.0 SPECIES OF CONCERN

This chapter provides detailed information for marine mammals and sea turtles, which are species of
particular interest to the Navy due to their protected status and which have the potential to be impacted
by Navy activities.

Section 3.1 furnishes information on the 31 marine mammal species with confirmed or possible
occurrence in the PROA/St. Croix OPAREA. All marine mammals are protected by the MMPA,; five large
whale species and the West Indian manatee are additionally listed as endangered under the ESA. The
section provides an overview of marine mammals, as well as a brief introduction to acoustics and hearing,
which is useful in consideration of any potential acoustic anthropogenic impacts to these animals. Each
species has a detailed narrative, which provides a description of the species, its status, habitat
preferences, distribution (including a focus on the OPAREA), behavior and life history, as well as an
account of its vocalizations and hearing capabilities (when available). Maps depicting the seasonal
occurrence of each species in the OPAREA may be found in Appendix B (Figures B-1 through B-26).
Also located in Appendix B are the seasonal listings of the distribution of marine mammal records by
OPAREA surface grid block (Tables B1 through B4).

Section 3.2 begins with an overview of the biology and life history of sea turtles and, like the marine
mammal section, also provides some basic information on the hearing capabilities of these animals. All
six sea turtle species occurring in the PROA/St. Croix OPAREA are listed as threatened or endangered.
Each of these sea turtle species is then described in detail with the same basic framework in section 3.1.
Maps depicting the seasonal occurrence of each species in the OPAREA may be found in Appendix C
(Figures C-1 through C-6); also located in Appendix C, Table C-1, is the distribution of sea turtle records
by OPAREA surface grid block.
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3.1 MARINE MAMMALS
3.1.1 Introduction

There are 31 marine mammal (cetacean, pinniped, and sirenian) species with possible or confirmed
occurrence in the PROA/St. Croix OPAREA (Table 3-1). Toothed and baleen whales (cetaceans) are the
most abundant types of marine mammal species occurring in the Caribbean. Toothed whales
(odontocetes) capture their prey using teeth, while baleen whales (mysticetes) filter their food from the
water by using baleen plates. The West Indian manatee is the only sirenian species occurring in this area.
The Caribbean monk seal (Monachus tropicalis) was present in the Caribbean until the 1950s, but is now
considered extinct (Le Boeuf et al. 1986). Puerto Rico, the U.S. Virgin Islands (USVI), and British Virgin
Islands (BVI) have never been considered a locality where Caribbean monk seals were usually found
(Mignucci-Giannoni 1989), though hooded seals occasionally wander into this area (Mignucci-Giannoni
and Odell 2001; Mignucci-Giannoni and Haddow 2002).

3.1.1.1 Adaptations to the Marine Environment: Sound Production and Reception

Cetaceans display a number of anatomical and physiological adaptations to an aquatic environment that
are discussed in detail by Pabst et al. (1999). Sensory changes from the basic mammalian scheme have
also taken place in response to the different challenges an aquatic environment imposes. Sound travels
further in water than in air, and is therefore, an important sense, although taste, touch, and sight are also
well developed in whales and dolphins (Wartzok and Ketten 1999). Marine mammal vocalizations often
extend both above and below the range of human hearing; those with frequencies lower than 18 hertz
(Hz) are labeled as infrasonic and those higher than 20 kilohertz (kHz) as ultrasonic. Baleen whales
primarily use the lower frequencies, producing tonal sounds in the frequency range of 20 to 3,000 Hz,
depending on the species. The toothed whales produce a wide variety of sounds, which include species-
specific broadband “clicks” with peak energy between 10 and 200 kHz, individually variable burst pulse
click trains, and constant frequency or frequency modulated whistles ranging from 4 to 16 kHz (Wartzok
and Ketten 1999). Many toothed whales produce both tonal vocalizations (whistles) used for
communication and broadband clicks used during echolocation (Wartzok and Ketten 1999). Sperm
whales, however, are known to produce only clicks, which may be used for communication and
echolocation. Data on the hearing abilities of cetaceans are sparse, particularly for the larger cetaceans
such as baleen whales. The auditory thresholds of some of the smaller odontocetes have been
determined in captivity. It is generally believed that cetaceans should at least be sensitive to the
frequencies of their own vocalizations. Comparisons of the anatomy of cetacean inner ears and models of
the structural properties and the response to vibrations of the ear's components in different species
provide an indication of likely sensitivity to various sound frequencies. The ears of small toothed whales
are optimized for receiving high frequency sound, while baleen whale inner ears are best in low to
infrasonic frequencies (Ketten 1992, 1997). General reviews of cetacean sound production and hearing
may be found in Richardson et al. (1995), Edds-Walton (1997), Wartzok and Ketten (1999), and Au et al.
(2000). For a discussion of acoustic concepts, terminology, and measurement procedures, as well as
underwater sound propagation, Urick (1983) and Richardson et al. (1995) are recommended.

3.1.1.2 Marine Mammal Distribution and Habitat Associations

Cetaceans inhabit most marine environments, from deep ocean canyons to shallow estuarine waters.
Habitat and distribution of cetaceans are affected by various components of the ocean environment as
well as demographic, evolutionary, and anthropogenic factors (Bjgrge 2002; Forcada 2002; Stevick et al.
2002). Cetacean species occurring off the continental shelf are often associated with physical forms such
as banks, canyons or the edge of the continental shelf, which may concentrate prey (Kenney and Winn
1986; Davis et al. 1998). In many areas, movements may also be related to the presence of hydrographic
features, in particular, upwelling events (Griffin 1999; Biggs et al. 2000). The increased nutrient
concentrations associated with these events result in areas of high primary productivity. These areas of
higher primary production cause a cascading effect on the trophic dynamics of marine animals and are
generally associated with higher than normal levels of consumers such as cetaceans and their prey.
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Table 3-1. Marine mammal species of the PROA/St. Croix OPAREA and their status under the
Endangered Species Act (ESA). Taxonomy follows Rice (1998) for pinnipeds and sirenians and

IWC (2001) for cetaceans.

Scientific Name ESA Status
Order Cetacea
Suborder Mysticeti (baleen whales)
Family Balaenopteridae (rorquals)
Humpback whale Megaptera novaeangliae Endangered
Minke whale Balaenoptera acutorostrata
Bryde’s whale Balaenoptera edeni
Sei whale Balaenoptera borealis Endangered
Fin whale Balaenoptera physalus Endangered
Blue whale Balaenoptera musculus Endangered
Suborder Odontoceti (toothed whales)
Family Physeteridae (sperm whale)
Sperm whale Physeter macrocephalus Endangered
Family Kogiidae (pygmy sperm whales)
Pygmy sperm whale Kogia breviceps
Dwarf sperm whale Kogia sima
Family Ziphiidae (beaked whales)
Cuvier's beaked whale Ziphius cavirostris
True's beaked whale Mesoplodon mirus
Gervais' beaked whale Mesoplodon europaeus
Blainville's beaked whale Mesoplodon densirostris
Sowerby's beaked whale Mesoplodon bidens
Family Delphinidae (dolphins)
Rough-toothed dolphin Steno bredanensis
Common bottlenose dolphin Tursiops truncatus
Pantropical spotted dolphin Stenella attenuata
Atlantic spotted dolphin Stenella frontalis
Spinner dolphin Stenella longirostris
Striped dolphin Stenella coeruleoalba
Clymene dolphin Stenella clymene
Common dolphins Delphinus spp.
Fraser's dolphin Lagenodelphis hosei
Risso's dolphin Grampus griseus
Melon-headed whale Peponocephala electra
Pygmy killer whale Feresa attenuata
False killer whale Pseudorca crassidens
Killer whale Orcinus orca
Short-finned pilot whale Globicephala macrorhynchus
Order Carnivora
Suborder Pinnipedia (seals, sea lions, walruses)
Family Phocidae (true seals)
Hooded seal Cystophora cristata
Order Sirenia
Family Trichechidae (manatees)
West Indian manatee Trichechus manatus Endangered
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Hydrographic features are dynamic; therefore, cetaceans occurring off the continental shelf or away from
the shelf break will also have a dynamic distribution as they seek out these patches of good habitat.

Whale and dolphin movements are often related to feeding or breeding activity (Stevick et al. 2002).
Some baleen whale species, such as humpback and North Atlantic right whales, make extensive annual
migrations to low-latitude mating and calving grounds in the winter and to high-latitude feeding grounds in
the summer (Corkeron and Connor 1999). These migrations undoubtedly occur during these seasons due
to the presence of highly productive waters and associated cetacean prey species at high latitudes and of
warm water temperatures at low-latitudes (Corkeron and Connor 1999; Stern 2002). The question
remains as to why some baleen whale species migrate to warm waters for reproduction (Stern 2002). Not
all baleen whales, however, migrate. Some individual fin, Bryde’s, minke, and blue whales may stay year-
round in a specific area. The timing of migration is often a function of age, sex, and reproductive class.
Females tend to migrate earlier than males and adults earlier than immature animals (Stevick et al. 2002).
Since most toothed whales do not have the fasting capability of the baleen whales, toothed whales
probably follow seasonal shifts in preferred prey or are opportunistic feeders, taking advantage of
whatever prey happens to be in the area.

As already noted, cetacean movements are often a reflection of the distribution and abundance of prey
(CETAP 1982; Gaskin 1982; Payne et al. 1986; Kenney et al. 1996). Cetacean movements have also
been linked to indirect indicators of prey, such as temperature variations, sea-surface chlorophyll a
concentrations, and features such as bottom depth (Fiedler 2002). Occurrence of cetaceans outside the
area with which they are usually associated may reflect fluctuations in food availability. In some areas,
these changes have been correlated with large-scale climatic events (El Nifio and La Nifia) that affect the
normal distribution of prey. For example, during La Nifia events cold-water currents flow closer to shore,
bringing prey commonly associated with deeper waters into coastal areas. During these times, oceanic
marine mammal species may be seen closer to shore (Bryant et al. 1981; Whitehead and Carscadden
1985; Payne et al. 1986; Selzer and Payne 1988; Kenney et al. 1996). A strong El Nifio event in 1982
through 1983 affected the distribution of pilot whales off southern California when the influx of warm water
caused squid not to spawn as usual in the area (Shane 1994). Short-finned pilot whales were virtually
absent from the region during that time and did not reappear for another nine years. During the same El
Niflo event, coastal bottlenose dolphins expanded their range from southern to central California and
remained in the new northern range even after the warming event subsided (Wells et al. 1990). Sperm
whales in the eastern tropical Pacific had reduced calf survival during and after an El Nifio event in the
late 1980s (Whitehead 1997). High pinniped mortalities have been reported during El Nifio events; many
pups died of starvation because their mothers spent longer times at sea foraging (Domingo et al. 2002).
While the effects on marine mammals attributable to EI Nifio and La Nifia events have been most
significant and well documented in the Pacific Ocean, these large-scale events do affect the Atlantic
Ocean and may therefore cause perturbations in the distribution of marine mammals in that ocean basin.
No specific documentation exists on El Nifio and La Nifa trophic effects in the Atlantic Ocean but the
distribution and location of prey species may be affected by even minor climatic fluctuations. Recent
research indicates that the North Atlantic Oscillation may be a more significant climatic driver in the
Atlantic Ocean that El Nifio (Stenseth et al. 2002). Further research will demonstrate the strength of this
event on trophic regimes in the Atlantic.

Climatic fluctuations have produced a growing concern about the effects of climate change on cetacean
populations (MacGarvin and Simmonds 1996; IWC 1997; Evans 2002; Wirsig et al. 2002). Long-term
temperature trends may play a role in the distribution and abundance of cetacean species, either affecting
them directly or indirectly, through alterations of habitat characteristics and distribution, and prey
availability (Kenney et al. 1996; IWC 1997; Harwood 2001).

3.1.2 Marine Mammals of the PROA/St. Croix OPAREA

The varied physiography of the Caribbean Sea, with deep basins, oceanic islands, and narrow continental
or insular shelves provides a diverse range of habitats for a variety of marine mammal species. Most
species, such as the West Indian manatee or bottlenose dolphin, utilize this area year-round. Others
species, such as the endangered humpback whale, have a seasonal occurrence. Some animals, such as
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the hooded seal, occasionally travel into the Caribbean Sea, a region far beyond their normal
distributional range.

Marine mammals often occur in the PROA/St. Croix OPAREA and vicinity on a seasonal basis but others
occur in the area year-round (Appendix B Tables B-1 through B-4). Seasons refer to the typical three-
month intervals utilized throughout the MRA report (winter=January through March; spring=April through
June; summer=July through September; fall=October through December). It should be noted that the
number of marine mammal observations in a given area is often as much a function of the source or type
of data (bycatch data versus data collected by aerial or shipboard surveys), level of survey effort, and
sighting conditions (such as calm seas) as the actual abundance of marine mammals in that area.

All available marine mammal sighting (aerial and ship), stranding, and incidental fisheries bycatch
occurrence records (Appendix A, Table A-2) were used to predict the spatial and temporal occurrences of
the 31 marine mammal species that may occur in the OPAREA and vicinity. An occurrence record does
not reflect the number of marine mammals; due to the social nature of cetaceans, multiple individuals of a
species are often sighted at the same time at the same location. Therefore, the occurrence records
shown on the map figures that accompany this section represent the number of data records collected,
not the number of marine mammals observed. The process by which the occurrence predictions and map
figures were created is described in detail in Section 1.4.2.2.

Various types of shading and terminology are used on the map figures to designate the occurrence of
marine mammals in the PROA/St. Croix OPAREA and vicinity. “Expected occurrence” (area shaded in
light blue) is defined as the area encompassing the expected distribution of a species based on what is
known of its habitat preferences, life history, and the available sighting, stranding, incidental fisheries
bycatch, and tagging data. “Concentrated occurrence” (area shaded in dark blue) is the subarea of a
species' expected occurrence where there is the highest likelihood of encountering that species; the
designation is based primarily on areas of concentrated sightings and preferred habitat. “Low/unknown
occurrence” (pattern-filled area) is the area where the likelihood of encountering a species is rare or not
known. “Occurrence not expected” (white, unmarked area) is the area where a species is not expected to
occur.

Winter is the season with the highest number of marine mammal occurrence records (161 occurrence
records; Table B-1), while summer has the least (38 occurrence records; Table B-3). Spring and fall have
an intermediate number of occurrence records (42 occurrence records; Table B-2 and 40 occurrence
records; Table B-4, respectively). The greatest total number of individual marine mammals represented
by occurrence records is found in the winter and spring (1,762 and 1,575, respectively), while summer
has the least (308). It is probable that there are many more individual marine mammals and greater
species diversity occurring in the PROA/St. Croix OPAREA than are represented in Tables B-1 to B-4, as
survey effort is limited in the OPAREA (Appendix Figure A-1).

Marine mammals are found throughout the PROA/St. Croix OPAREA, with large numbers of sightings
occurring on the insular shelf of the Puerto Rico Platform (Appendix Figure B-1). Manatees are found in
coastal waters, well inside the continental shelf and, rarely, if at all, near the shelf break (Mignucci-
Giannoni 1989). This distribution is probably more a reflection of the topography and substrate
requirements for seagrasses, which manatees feed upon (Mignucci-Giannoni 1989). The distribution of
cetaceans near Puerto Rico and the Virgin Islands is highly correlated to the area's bathymetric relief
(Mignucci-Giannoni 1989, 1998). In a review of the available information prior to any systematic cetacean
surveys in this area, Mignucci-Giannoni (1989, 1998) determined that most marine mammal species
occur on the continental shelf. With deep water (>200 m) in very close proximity to the shore in the
northeastern Caribbean Sea, there are many oceanic cetacean species that may be found near shore or
on the continental shelf in contrast to locales in other parts of the world where the continental shelf is
wider.

The large number of marine mammal sightings on the continental shelf also may be a reflection of survey
effort. Survey efforts directed towards humpback whales traditionally have been conducted in shallow
waters located over sand banks or close to islands of their calving grounds, since this is the preferred
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habitat of humpback whales mother-calf pairs. As manatees are coastal animals, directed surveys have
taken place in the nearshore waters off the islands of Puerto Rico and Vieques. The Navy has focused
efforts during its training exercises to ascertain the occurrence of protected marine mammals and sea
turtles in the Inner Range surrounding Vieques Island. There has been very little survey effort, however,
in deep waters (Figure A-1; Roden and Mullin 2000; Swartz et al. 2001, 2002).

The seasonal abundance and distribution of most cetacean species in the northeastern Caribbean is
poorly known (Mignucci-Giannoni 1989; Mignucci-Giannoni et al. 1999a; Roden and Mullin 2000; Swartz
et al. 2002). Mignucci-Giannoni (1989, 1998) reported that more cetaceans were sighted during the winter
and early spring. This increase is likely a reflection of highly seasonal survey effort. The survey effort has
been biased to the winter months because of focused efforts to determine the distribution and abundance
of the humpback whale during its calving season (winter and spring) (Appendix Figure A-1). It is logical
that there are also a larger number of sightings of other marine mammals during that time of year. With
surveys recently being conducted in deeper waters, the distribution of many of the cetacean species in
this area has been found to extend off the shelf break into deeper waters (Roden and Mullin 2000; Swartz
et al. 2001, 2002). Based on the known habitat preferences of many of these species, it is quite likely that
extensive dedicated survey effort will reveal an even larger number of cetacean sightings along the
continental shelf break and high sea floor relief.

Each marine mammal species is listed below with its description, status, habitat preferences, distribution
(including location and seasonal occurrence in the PROA/St. Croix OPAREA), behavior and life history,
as well as information on its acoustics and hearing ability. Species appearance within the text begins with
threatened and endangered marine mammals and the remaining marine mammal species follow the
taxonomic order as presented in Table 3-1.

3.1.2.1 Threatened and Endangered Marine Mammal Species of PROA/St. Croix OPAREA

Six marine mammal species with possible or confirmed occurrence in the PROA/St. Croix OPAREA are
currently listed as endangered: four baleen whale species (blue, fin, humpback, and sei whales), one
toothed whale species (sperm whale), and one sirenian, the West Indian manatee.

All available endangered marine mammal sightings, strandings, and incidental fisheries bycatch records
for the PROA/St. Croix OPAREA have been compiled so predictions can be made regarding the seasonal
usage of the OPAREA by endangered marine mammals (Appendix Figure B-2). The occurrence
predictions were developed using all available data as well as the known distribution, habitat preference,
and seasonal occurrence from published literature on the endangered whale and manatee species.
Unidentified rorquals (the family of baleen whales which includes the blue, fin, minke, Bryde’s, sei, and
humpback whales) were included to conservatively determine endangered whale occurrence for the
PROA/St. Croix OPAREA. Considering unidentified rorquals, though this category includes the non-
endangered/non-threatened minke and Bryde’s whales, is appropriate in determining endangered whale
occurrence in the PROA/St. Croix OPAREA since most of the rorquals are endangered species. The
West Indian manatee occurs in nearshore waters, and while its distribution is not expected to extend into
deep waters, part of the OPAREA does include coastal waters of islands, which are known manatee
habitat.

During all seasons, the expected occurrence for endangered marine mammals is based primarily on the
occurrence of the sperm whale but the humpback whale and West Indian manatee occurrence patterns
were also considered. During all seasons, endangered marine mammals in the PROA/St. Croix OPAREA
are expected to occur on the Puerto Rico Platform’s insular shelf outward into open ocean waters (Figure
B-2).

During all seasons except summer, the concentrated occurrence of endangered marine mammals covers
the Puerto Rico Platform or the insular shelf of the islands within the PROA/St. Croix OPAREA. In
summer, there is only a low/unknown occurrence of marine mammals on the insular shelf, based primarily
on manatee occurrence records for this season.
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There are areas of expected, concentrated, or low or unknown occurrence of endangered marine
mammals close to shore (depending on suitable habitat for manatees) on the continental shelf around the
islands (for more detailed information see the OPAREA-specific information for the West Indian manatee).
There is also a low or unknown occurrence of endangered marine mammals from the 30 m isobath to the
continental shelf break, which is based on the possibility of encountering sperm whales in waters on the
continental shelf (but not close to the shoreline). The continental shelf is narrow in this area and deep
waters are close to shore. Like the rest of the year, there is also an area of low or unknown occurrence
seaward of the area of expected occurrence. There is a low or unknown occurrence for the group in
waters seaward of the area of expected occurrence. This is based on the few sightings of endangered
marine mammals in such deep waters, which are a result of few dedicated large-scale survey efforts.

+ Humpback Whale (Megaptera novaeangliae)

Description—Humpback whale adults are 11 to 16 meters (m) in length and are more robust than
other rorquals (Jefferson et al. 1993). The body is black or dark gray, with very long (about a third of
the body length), usually white flippers (Jefferson et al. 1993; Clapham and Mead 1999). The flukes
have a concave, serrated trailing edge; the ventral side is patterned in black and white. Individual
humpback whales may be identified using these patterns (Katona et al. 1979).

Status—The humpback whale is classified as an endangered species under the ESA. There are an
estimated 10,600 humpback whales in the entire North Atlantic (Smith et al. 1999). Mattila and
Clapham (1989) reported a density of 0.044 humpback whales per square nautical mile for the Virgin
Islands. A similar density is expected for Puerto Rico (Mignucci-Giannoni 1998). During February
through March 2000, acoustic detections of singing humpback whales in the eastern and southern
Caribbean Sea formed the basis of a preliminary estimate of the relative abundance of humpback
whales in the islands and coastal areas surveyed to be 116 whales in February and 123 in March
(Swartz et al. 2001). These results suggest that the abundance of humpbacks in the eastern and
southern Caribbean Sea is lower than it was during the nineteenth century. Observed densities were
one or two orders of magnitude lower than those recorded from the primary wintering areas in the
eastern Greater Antilles. Swartz et al. (2002) provide a provisional abundance estimate of 532
humpback whales on the Puerto Rico Bank during the February through March time frame.

Habitat Preferences—The habitat requirements of wintering humpbacks appear to be determined by
the conditions necessary for calving. Optimal calving conditions are warm waters (24° to 28°C) and
relatively shallow, low-relief ocean bottom in protected area (behind reefs) to take advantage of calm
seas, minimize the possibility of predation by sharks, or avoid harassment by males (Clapham 2000).
Whaling data indicate that the eastern and southern Caribbean Sea formerly supported a large-scale
fishery for humpback whales, exploiting the known occurrence of humpback whales in shallow waters
(Price 1985). Mignucci-Giannoni (1998) found that humpback whales are associated with banks and
other shallow waters with low sea floor relief. Distribution seems to concentrate on the windward side
of landmasses, in banks of a certain width, such as Borinquen and Virgin banks (Mignucci-Giannoni
1998). Humpback whales on the calving grounds have also been sighted in deeper water (>183 m;
deepest sighting of a cow-calf pair was in waters with a bottom depth of 5,124 m, north of the Mona
Passage) (Roden and Mullin 2000; Swartz et al. 2002).

In the northern feeding grounds, favored habitat is typically shallow banks and shoals or areas with
high seafloor relief (CETAP 1982; Payne et al. 1990). The most important feeding habitat is the
shallow southwestern Gulf of Maine from Jeffreys Ledge south to the Great South Channel.

Distribution—Humpback whales are found in all of the world’s oceans (Jefferson et al. 1993). They
generally are found during the summer on high-latitude feeding grounds and during the winter in the
tropics around islands, over shallow banks, and along continental coasts, where calving occurs. In the
North Atlantic, humpback whales are found from the Caribbean Sea and Cape Verde Islands in the
south to Greenland, Iceland, and northern Norway (Rice 1998). Most humpback whale sightings are
in nearshore and continental shelf waters; however, humpback whales frequently travel through deep
water during migration (Clapham and Mattila 1990).
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In the North Atlantic, humpbacks are found from spring through fall on feeding grounds, which are
located from south of New England to northern Norway (NMFS 1991). The largest numbers of
humpback whales are from mid-April to mid-November. Locations off the northeastern U.S. include
Stellwagen Bank, Jeffreys Ledge, the Great South Channel, the edges and shoals of Georges Bank,
Cashes Ledge, Grand Manan Banks; the banks on the Nova Scotian Shelf; the Gulf of St. Lawrence;
and Newfoundland’s Grand Banks (CETAP 1982; Whitehead 1982; Kenney and Winn 1986; Weinrich
et al. 1997). Humpback whales return to the same feeding areas each year. There appears to be very
little exchange between the six separate “feeding stocks”. Gulf of Maine, Gulf of St. Lawrence,
Newfoundland/Labrador, western Greenland, Iceland, and Norway (Katona and Beard 1990;
Clapham 1996).

Humpback feeding grounds are likely to be less consistent over the long term since their prey are
much more mobile and their diet is more flexible. The distribution and abundance of sand lance are
important factors underlying the distribution patterns of the humpback whale (Kenney and Winn
1986). Changes in diets and feeding preferences are likely caused by changes in prey distribution
and/or in the relative abundance of different prey species (sand lance and herring) (Payne et al. 1986,
1990; Kenney et al. 1996; Weinrich et al. 1997). Feeding most often occurs in relatively shallow water
over the inner continental shelf, sometimes in deeper waters. Large multi-species feeding
aggregations (including humpback whales) have been observed over the shelf break on the southern
edge of Georges Bank (CETAP 1982; Kenney and Winn 1987) and in shelf break waters off the U.S.
mid-Atlantic coast (Smith et al. 1996).

During the winter, most of the North Atlantic population of humpback whales is believed to migrate
south to calving grounds in the West Indies region (Winn et al. 1975; Whitehead and Moore 1982;
Stevick et al. 1998; Smith et al. 1999). The calving peak for the species is January through March,
with some animals arriving as early as December and a few not leaving until June. Most of the
humpback whales photo-identified off Puerto Rico and the Virgin Islands have been photographed on
the Newfoundland/Labrador grounds and in the Gulf of Maine (Mattila and Clapham 1989). Photo-
identification matches also demonstrate that all humpback whales off Iceland winter in Caribbean
waters (Martin et al. 1984). Humpback whales wintering in the West Indies belong to a single
population that distributes itself throughout the region during the winter. The whaling data
demonstrate that humpback whales were formerly common throughout the Lesser Antilles, along the
Caribbean coast of Venezuela, in the Gulf of Paria (located in northeast South America between
Trindiad and Venezuela), and along the southern coast of Trinidad during January through May
(Reeves et al. 2001).

Humpback whales in the northeastern Caribbean Sea are primarily found on Borinquen, Virgin, and
Anguilla Banks (Figure 3-1; Mattila and Clapham 1989; Swartz et al. 2002). Mignucci-Giannoni (1998)
observed two major areas of humpback whale concentration: one along the northwestern coast of
Puerto Rico and the second widely spread around the northern Virgin Islands. Jobsis et al. (2001)
noted that most humpback whales in the U.S. Virgin Islands are reported near St. Thomas and St.
John rather than St. Croix. Humpback whales have been sighted off Vieques Island and between
Culebra and Vieques (Erdman et al. 1973). Stevick et al. (1999) reported photographic matches of an
individual in Puerto Rico and Dominica, demonstrating an exchange between the eastern Caribbean
and more northerly breeding area in the Greater Antilles.

Apparently, not all Atlantic humpback whales migrate to the calving grounds, since some sightings
(believed to be only a very small proportion of the population) are made during the winter in northern
habitats (CETAP 1982; Whitehead 1982; Clapham et al. 1993; Swingle et al. 1993). There has been
an increasing occurrence of humpback whales during the winter along the U.S. Atlantic coast, from
Florida north to Virginia, which appear to be primarily juveniles (Swingle et al. 1993; Clapham et al.
1993; Wiley et al. 1995; Laerm et al. 1997). Strandings of humpbacks (mainly juveniles) in this area
have also increased in recent years (Wiley et al. 1995). These occurrences are not fully understood.
They might be due to shifts in distribution, increases in sighting effort, or habitat that is becoming
increasingly important for juveniles (Waring et al. 2002). Sighting histories of mature humpback
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Figure 3-1. The primary winter (calving) grounds of the humpback whale in the PROA/St. Croix OPAREA and
vicinity. Source information: Mattila and Clapham (1989) and Swartz et al. (2002).
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whales suggest that the mid-Atlantic area contains a greater percentage of mature animals than is
represented by strandings (Barco et al. 2001). It has recently been proposed that the mid-Atlantic
region primarily represents a supplemental winter-feeding ground, which is also an area of mixing of
humpback whales from different feeding stocks (Barco et al. 2001).

The migratory routes taken during the southbound and northbound migrations are not known. Since
large numbers of humpback whales are not observed close to shore during this time, it is presumed
that whales travel the more direct routes in deeper, offshore waters (Smith et al. 1999). Lactating
females are among the first to leave summer feeding grounds in the fall, followed by subadult males,
mature males, non-pregnant females, and pregnant females (Clapham 1996). During the northward
migration, the whales are not believed to separate into discrete feeding groups until north of Bermuda
(Katona and Beard 1990).

» Information Specific to PROA/St. Croix OPAREA—Based on sightings, strandings, and life history
parameters, the humpback whale is expected during all seasons, except summer, in the
PROA/St. Croix OPAREA (Figure B-3). Humpback whales migrate to calving grounds in the
Caribbean during the fall, overwinter, and then make return migrations to the feeding grounds
much further north during the spring. Humpback whales are not expected in the PROA/St. Croix
OPAREA during summer since they should already be found further north on their feeding
grounds.

Humpback whales are expected to be found in insular shelf waters of the Puerto Rico Platform to
waters as deep as 3,000 m to the north of Puerto Rico in the Puerto Rico trench and to 1,000 m
to the south of Puerto Rico. The insular shelf waters of the Puerto Rico Platform are considered
an area of concentrated occurrence based on the habitat preferences of mother-calf pairs for
shallow waters (Clapham 2000) and the higher percentage of sightings occurring there.

The occurrence of humpback whales beyond the 1,000 and 3,000 m isobaths is low or unknown
based on data from recent acoustic and visual surveys by Swartz et al. (2001, 2002), as well as
historic sighting data from whaling logs (Reeves et al. 2001). Reeves et al. (2001) inferred from
sighting data that humpback whales may move across deep water within the eastern Caribbean
region. Swartz et al. (2002) noted a conspicuous absence of humpback whales in the waters
nearshore and offshore of the southern coast of Puerto Rico. An acoustic and visual survey of the
waters around St. Kitts and Nevis, BVI documented humpback whale calls emanating from Saba
Bank, southeast of St. Croix, USVI (Swartz et al. 2001). Humpback whale calls were detected
from whales located to the northeast and east of the Puerto Rican Trench over deep water
(>6,000 m) and far from any banks or islands (Swartz et al. 2002). The same surveys obtained
data suggesting that some distant humpback whales were located to the south of Puerto Rico in
deep water (depth unknown) at some yet to be determined position (Swartz et al. 2002). As noted
by Swartz et al. (2002), the only land south of Puerto Rico is the small island of Aves located in
the middle of the Venezuela Basin. The authors noted that it is not known if humpback whales
aggregate at or near Isla Aves or follow the Aves Ridge to the east when migrating up and down
the eastern Caribbean island chain.

Behavior and Life History—Single individuals are observed most commonly. On the feeding
grounds, relatively large numbers of humpbacks may be observed within a limited area feeding on a
rich food source (CETAP 1982). On the breeding grounds, small groups of males may occur,
competing for access to females. Rough-toothed dolphins and short-finned pilot whales are
occasionally seen in association with humpback whales in the northeastern Caribbean (Mattila and
Clapham 1989; Roden and Mullin 2000).

Humpback whales feed like most other rorquals by “gulping” (Pivorunas 1979). Humpbacks use a
wide variety of behaviors to feed on various small, schooling prey including krill and fish (Jurasz and
Jurasz 1979; Hain et al. 1982, 1995; Weinrich et al. 1992). The principal fish prey in the western
North Atlantic are sand lance (Ammodytes americanus), herring (Family Clupidae), and capelin
(Millotus villoses) (Kenney et al. 1985). Feeding is thought to be limited to the higher latitudes (the
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feeding grounds); however, Mignucci-Giannoni (1989) reported observations of feeding behaviors on
the calving grounds.

Female humpbacks become sexually mature at 4 to 9 years of age (Clapham 1996). Gestation is
approximately one year. Calves are weaned before one year of age. Calving intervals are usually 2 to
3 years but occasionally females give birth to calves in successive years (Clapham 1996). Males
compete for access to receptive females by aggressive, sometimes violent interactions as well as
vocal displays (Clapham 1996). The calving peak is January through March; sightings have been
reported between November and May. The peak of the calving season occurs by the first two weeks
of February through the middle of March (Mignucci-Giannoni 1998).

Humpback whale diving behavior depends on the time of year (Clapham and Mead 1999). In
summer, most dives last less than 5 minutes (min) and dives exceeding 10 min are atypical. In winter
(December through March), dives average 10 to 15 min; dives exceeding 30 min have been recorded
(Clapham and Mead 1999).

Acoustics and Hearing—Humpback whales are known to produce three classes of vocalizations: (1)
“songs” in the late fall, winter, and spring by solitary males; (2) sounds made within groups on the
wintering (calving) grounds; and (3) sounds made on the feeding grounds (Thomson and Richardson
1995). Components of the song range from under 20 Hz to 4 kHz and occasionally 8 kHz, with source
levels of 144 to 174 decibels with a reference pressure of 1 micropascal at one meter (dB re 1 yPa-
m), with a mean of 155 dB re 1 yPa-m. Social calls are from 50 Hz to over 10 kHz with dominant
energy below 3 kHz. Feeding calls are 20 Hz to 2 kHz, <1 second (sec) in duration, and with source
levels of 175 to 192 dB re 1 pPa-m. Houser et al. (2001) recently produced the first predicted
humpback audiogram (using a mathematical model). The predicted audiogram indicates sensitivity to
frequencies from 700 Hz to 10 kHz, with maximum relative sensitivity between 2 and 6 kHz. Au et al.
(2001) recorded high-frequency harmonics (out to 13.5 kHz) and source levels (between 171 and 189
dB re 1 yPa-m) of humpback whale songs.

+ Sei Whale (Balaenoptera borealis)

Description—Adult sei whales are up to 18 m in length and are mostly dark gray in color with a
lighter belly (Jefferson et al. 1993). There is a single prominent ridge on the rostrum and a slightly
arched rostrum with a downturned tip (Jefferson et al. 1993). The dorsal fin is prominent and very
falcate. Sei whales are extremely similar in appearance to Bryde's whales and it is difficult to
differentiate them at sea and even on the beach (Mead 1977).

Status—Sei whales are listed as endangered under the ESA. The International Whaling Commission
recognizes three sei whale stocks in the North Atlantic: Nova Scotia, Iceland-Denmark Strait, and
Northeast Atlantic (Perry et al. 1999). The most current (1991) population estimate for the entire
North Atlantic Ocean is 4,000 sei whales (Perry et al. 1999).

Habitat Preferences—Sei whales appear to prefer regions of steep bathymetric relief, such as the
continental shelf break, canyons, or basins situated between banks and ledges (Hain et al. 1985;
Kenney and Winn 1987; Schilling et al. 1992). These areas are often the location of persistent
oceanographic features, which may be important factors in concentrating prey. Catches of sei whales
in the North Pacific were correlated with oceanographic features (Nishiwaki 1966).

Distribution—Sei whales are found in all oceans but are more restricted to mid-latitude temperate
waters than other rorquals (Gambell 1985a). Like other rorquals, they undertake long migrations
during spring and fall (Rice 1998). Sei whales are also known for irruptive occurrences in areas where
they are not typically seen (Payne et al. 1990; Schilling et al. 1992).

In the western North Atlantic, sei whales occur primarily from Georges Bank north to Davis Strait
(northeast Canada, between Greenland and Baffin Island) (Perry et al. 1999). Sei whales are not
known to be common in U.S. Atlantic waters (Mead 1977; NMFS 1998a). Peak abundance in U.S.
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waters occurs in spring (mid-March through mid-June), primarily along the edges of Georges Bank
(CETAP 1982). The distribution of the Nova Scotia stock might extend along the U.S. coast to at least
North Carolina (NC) (NMFS 1998a).

» Information Specific to PROA/St. Croix OPAREA—Sei whales are not expected to occur in this
OPAREA; they are not generally found in waters this far south in the northern hemisphere
(Jefferson personal communication). There is one confirmed stranding record for the northeastern
Caribbean, from the Dominican Republic in July 1974 (Mead 1977). Mead (1977) suggested this
individual might be from a separate population than those occurring farther north. Two rorquals
sighted west of Anegada, British Virgin Islands (BVI) in 1967 were speculated to be sei whales
(Erdman 1970; Erdman et al. 1973). Mignucci-Giannoni (1989) reported that Jiménez (1983)
provided a sighting of one individual rorqual from 1982 and determined it to be a sei whale.
Jiménez (1983) does not contain the actual record, which was provided directly to Dr. Antonio
Mignucci-Giannoni for inclusion in his database (Mignucci-Giannoni personal communication).
Neither photos nor clear diagnostic features were provided for either of the two sightings; the
species identification was based on behavioral characteristics. Therefore, these are not confirmed
records; misidentifications are likely to be of Bryde’s whales (Jefferson personal communication).

Behavior and Life History—Sei whales are typically found in groups of 1 to 5 individuals
(Leatherwood et al. 1976). The sei whale is atypical as a rorqual in that it primarily “skims” its food
(though it does some some “gulping” as other rorquals do) (Pivorunas 1979). In the North Atlantic, the
major prey species are copepods and krill (Kenney et al. 1985). Sei whales typically follow a
reproductive cycle of two years: a gestation period of about 10 to 12 months and a lactation period of
6 to 9 months (Gambell 1985a).

Acoustics and Hearing—Sei whale vocalizations have been recorded only on a few occasions.
Vocalizations consist of paired sequences (0.5 to 0.8 sec, separated by 0.4 to 1.0 sec) of 7 to 20
short (4 milliseconds [msec]) frequency-modulated (FM) sweeps between 1.5 and 3.5 kHz; source
level is not known (Thomson and Richardson 1995). While no data on hearing ability for this species
are available, Ketten (1997) hypothesized that mysticetes have acute infrasonic hearing.

+ Fin Whale (Balaenoptera physalus)

Description—Fin whales are the second-largest whale species, with adults reaching 24 m in length
(Jefferson et al. 1993). Fin whales have a very sleek body, with a pale, V-shaped chevron on the
back, just behind the head. The dorsal fin is prominent, but with a shallow leading edge and is set
back two-thirds of the body from the head (Jefferson et al. 1993). The head color is asymmetrical,
with a lower jaw that is white on the right and black or dark brown on the left. Fin and sei whales are
very similar in appearance, which has resulted in confusion about the distribution of either species
(NMFS 1998a).

Status—The ESA lists the fin whale as an endangered species. The entire North Atlantic population
may number as many as 50,000 to 60,000 animals (Perry et al. 1999). There is no stock information
for fin whales in the Caribbean Sea.

Habitat Preferences—Fin whales in the U.S. Atlantic occur in continental shelf and shelf-edge
waters from the Gulf of Maine south to Cape Hatteras, NC (CETAP 1982; Hain et al. 1992; Waring et
al. 2002). The fin whale appears to be scarce in offshore slope and Gulf Stream waters (CETAP
1982; Waring et al. 1992). This species tends to aggregate in locations where prey is most plentiful,
though those locations may shift seasonally or annually (Payne et al. 1986, 1990; Kenney et al.
1997). Relatively consistent locations for fin whales include the same habitats noted previously for
humpback whales (with some additional areas) including the banks on the Nova Scotian shelf,
Georges Bank, Jeffreys Ledge, Stellwagen Bank, the Great South Channel, Long Island, off Block
Island (southeast of Long Island), and along the shelf break of the northeastern U.S. (CETAP 1982,
Hain et al. 1992; Waring et al. 2002). Hain et al. (1992) reported that the single most important habitat
was a region from the western Gulf of Maine, to Jeffreys Ledge, Cape Ann, Stellwagen Bank, to the
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Great South Channel, in approximately 90 m of water. This was an area of high prey (sand lance)
density during the 1970s and early 1980s (Kenney and Winn 1986). Secondary areas of important fin
whale habitat included the shelf break from the Northeast Peak of Georges Bank to the mid-Atlantic
and the mid-shelf from south of New England to the Mid-Atlantic Bight. Waring and Finn (1995) found
a significant relationship in the distributions of fin whales and sand lance in the fall. In the lower Bay
of Fundy, fin whales occur in areas with high topographic variation that are likely well mixed or
contain frontal interfaces between mixed and stratified waters, and which concentrate krill and herring
(Woodley and Gaskin 1996).

Distribution—Fin whales are broadly distributed throughout the world’s oceans, in both continental
shelf and deep waters (Rice 1998). The overall range of fin whales in the North Atlantic extends from
the Gulf of Mexico/Caribbean and Mediterranean north to Greenland, Iceland, and Norway (Gambell
1985b; NMFS 1998a). In general, fin whales are more common north of about 30°N (NMFS 1998a).
In the western North Atlantic, the fin whale is the most commonly sighted large whale in continental
shelf waters from the mid-Atlantic coast of the U.S. to eastern Canada (CETAP 1982; Hain et al.
1992; Waring et al. 2002). The fin whale is the most common whale species acoustically detected via
Navy deepwater hydrophone arrays in the North Atlantic (Clark 1995). Fin whales are the dominant
large cetacean species in all seasons in this area; they have the largest standing stock and food
requirements (Hain et al. 1992; Kenney et al. 1997).

Fin whales are believed to follow the typical baleen whale migratory pattern, with a population shift
north into summer feeding grounds and south for the winter. However, the location and extent of the
wintering grounds are poorly known (Aguilar 2002). Fin whales were acoustically detected in winter
throughout the deep waters of the North Atlantic, supporting the widely held hypothesis about their
migration (Clark 1995). Acoustic detections of fin whales in offshore waters peaked in winter. The
study showed a definite movement of fin whales southward in the fall and northward in the spring; in
the western North Atlantic the end points of most of the migrations were Newfoundland/Labrador and
south of Bermuda into the West Indies. Migration routes are otherwise unknown.

Fin whales are not completely absent from U.S. Atlantic continental shelf waters in winter; this is the
most likely large whale species to be sighted. Perhaps a fifth to a quarter of the spring/summer peak
population remains in this area year-round (CETAP 1982; Hain et al. 1992).

» Information Specific to PROA/St. Croix OPAREA—Fin whales were sighted in both winter and
spring, which may reflect some differences in migration patterns, with some individuals leaving
later than others (Figure B-4). Acoustic detections of fin whales showed a definite southward
movement of fin whales in the fall and northward in spring; in the western North Atlantic the end
points of most of the migrations were Newfoundland/Labrador and south of Bermuda into the
West Indies (Clark 1995).

The winter range of most rorquals (blue, fin, sei, and minke whales) is suggested to be in offshore
waters (Kellogg 1928; Gaskin 1982). Acoustic data support the hypothesis of an offshore
wintering habitat (Clark 1995). The sighting data, however, indicate that fin whales are also being
sighted on the continental shelf (Figure B-4). There are very few confirmed sightings of this
species in the OPAREA.

The endangered status of this large whale species was heeded when determining its occurrence.
The distribution of unidentified rorquals (this group includes the Bryde’s whale, fin whale, blue
whale, minke whale, humpback whale, and sei whale, which can be difficult to distinguish from
one another during some sighting conditions; Figure B-5) was also considered in creating the
map for Figure B-4. Most of these sightings are thought to be Bryde’s whales, but sightings past
the shelf break might be of fin whales (Jefferson personal communication). It would be
reasonable to assume that a number of the sightings that were recorded as unidentified rorquals
might be of fin whales.
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There is a low or unknown occurrence of fin whales throughout the PROA/St. Croix OPAREA
during fall, winter, and spring (Figure B-4). During the summer, fin whales should be found on
their feeding grounds further north off the northeastern U.S. and are not expected to occur in this
OPAREA during this time of year.

Behavior and Life History—Fin whales feed by “gulping” (Pivorunas 1979) and prey upon a wide
variety of small, schooling prey (especially herring, capelin, and sand lance), including squid, krill and
copepods (Kenney et al. 1985; NMFS 1998a). Single fin whales are most common. Fin whales are
frequently observed in large multi-species feeding aggregations with humpback whales, minke
whales, and Atlantic white-sided dolphins (CETAP 1982).

Female fin whales in the North Atlantic mature at 8 to 11 years of age (Boyd et al. 1999). Peak
calving is in October through January (Hain et al. 1992) after a gestation period of approximately 11
months. Weaning may occur at 6 months (Boyd et al. 1999).

Fin whale dives are typically 5 to 15 min, separated by sequences of 4 to 5 blows at 10 to 20 sec
intervals (CETAP 1982; Stone et al. 1992). Kopelman and Sadove (1995) found significant
differences in blow intervals, dive times, and blows per hour between surface-feeding and non-
surface-feeding fin whales. Croll et al. (2001) found that fin whales dived to 97.9 (+ standard deviation
[S.D.] 32.59) m with duration of 6.3 (+S.D. 1.53) min when foraging and to 59.3 (+S.D. 29.67) m with
duration of 4.2 (+S.D. 1.67) min when not foraging. Fin whale dives exceeding 150 m and coinciding
with the diel migration of krill were reported by (Panigada et al. 1999).

Acoustics and Hearing—Fin whales produce a variety of sounds with a frequency range up to 750
Hz. Infrasonic signals have been documented for fin whales (Watkins et al. 1987). The most typical
fin whale sound is a 20 Hz infrasonic pulse (actually an FM downward sweep from about 23 to 18 Hz)
with duration of about 1 sec and a typical source level of 160 to 186 dB re 1 yPa-m (maximum to 200)
(Thomson and Richardson 1995; Charif et al. 2002). While no data on hearing ability for this species
are available, Ketten (1997) hypothesized that mysticetes have acute infrasonic hearing.

+ Blue Whale (Balaenoptera musculus

Description—Blue whales are the largest living animals. Blue whale adults in the northern
hemisphere reach 22.9 to 28 m in length (Jefferson et al. 1993). The rostrum of a blue whale is broad
and U-shaped, with a single prominent ridge down the center. There is a small, variably shaped
dorsal fin far back on the tail (Leatherwood and Reeves 1983). This species is blue-gray with light
mottling on the back and sides.

Status—Blue whales are classified as endangered under the ESA. The blue whale was severely
depleted by commercial whaling (NMFS 1998b). There are no current statistically reliable estimates
of abundance for the North Atlantic blue whale population (Perry et al. 1999). There is no stock
information for blue whales in Caribbean waters.

Habitat Preferences—Globally, blue whales are primarily found in deeper, offshore waters and are
rare in shallower, shelf waters (Wenzel et al. 1988). In the Gulf of St. Lawrence, however, blue
whales show strong preferences for the nearshore regions, where strong tidal and current mixing
leads to high productivity and rich prey resources (Sears et al. 1990).

Distribution—Blue whales are distributed from the ice edge to the subtropics in both hemispheres
(Jefferson et al. 1993). Stranding and sighting data suggest that the blue whale’s original range in the
Atlantic extended south to Florida, the Gulf of Mexico, the Cape Verdes islands, and the Caribbean
Sea (Yochem and Leatherwood 1985). Researchers using Navy integrated undersea surveillance
system (IUSS) assets have been able to detect blue whales throughout the open Atlantic south to at
least the Bahamas (Clark 1995), suggesting that North Atlantic blue whales may comprise a single
stock (NMFS 1998b). The only Caribbean record for a blue whale is from San Cristobal at the
northern entrance to the Panama Canal in 1922 (Harmer 1923).
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> Information Specific to PROA/St. Croix OPAREA—There are no records for blue whales in the
PROA/St. Croix OPAREA (Appendix Figure B-6). As noted earlier, the only Caribbean record is
from near the Panama Canal (Harmer 1923). The blue whale is primarily an oceanic species.
Croll et al. (1999) note that the winter grounds and southern limits of the blue whale in the North
Atlantic are not known. Therefore, there is a low or unknown occurrence of blue whales from the
shelf break to past the boundaries of the OPAREA, which takes into consideration the
endangered status of this species, this species’ apparent preference for deeper waters, and the
unknown possibility that this species might occur in the PROA/St. Croix OPAREA. The
distribution of unidentified rorquals (this group includes the Bryde’s whale, fin whale, blue whale,
minke whale, humpback whale, and sei whale, which can be difficult to distinguish from one
another during some sighting conditions; Appendix Figure B-5) was also considered. It is possible
that the sightings of unidentified rorquals in waters off the continental shelf (Appendix Figure B-5)
could be of blue whales (Jefferson personal communication).

Behavior and Life History—Sears et al. (1990) reported that most sightings in the Gulf of St.
Lawrence were of single animals or pairs, and occasionally as many as 20 to 40 animals. Blue
whales, like other rorquals, feed by “gulping” (Pivorunas 1979) primarily on krill (Kenney et al. 1985).
Female blue whales reach sexual maturity at 5 to 15 years of age (Yochem and Leatherwood 1985).
There is usually a two-year interval between calves. Calving appears to be concentrated during the
winter (Yochem and Leatherwood 1985).

The usual duration of blue whale dives is 3 to 20 min (Wynne and Schwartz 1999). Croll et al. (2001)
found that blue whales dived to 140.0 (+S.D. 46.01) m and for 7.8 (+S.D. 1.89) min when foraging
and to 67.6 (+S.D. 51.46) m and for 4.9 (+S.D. 2.53) min when not foraging.

Acoustics and Hearing—Blue whale emit sounds that are of an elongated low frequency
vocalizations with durations up to 36 sec (Thomson and Richardson 1995). Their frequency range is
12 to 400 Hz, with dominant energy in the infrasonic range at 12 to 25 Hz (Ketten 1998). Source
levels are up to 188 dB re 1 yPa-m (Ketten 1998; McDonald et al. 2001). While no data on hearing
ability for this species are available, Ketten (1997) hypothesized that mysticetes have acute infrasonic
hearing.

+ Sperm Whale (Physeter macrocephalus)

Description—The sperm whale is the largest toothed whale species. Adult females can reach 12 m
in length, while adult males measure as much as 18 m in length (Jefferson et al. 1993). The head is
large (comprising about a third of the body length) and squarish (Rice 1989). The lower jaw is narrow
and underslung. The blowhole is located at the front of the head and is offset to the left. Sperm
whales are brownish gray to black in color with white areas around the mouth and often on the belly.
The flippers are relatively short, wide, and paddle-shaped. There is a low rounded dorsal hump and a
series of bumps on the dorsal ridge of the tail stock. The surface of the body behind the head tends to
be wrinkled (Rice 1989).

Status—The sperm whale is listed as an endangered species under the ESA. There are no estimates
of abundance for this species in the Caribbean. Stock structure for sperm whales in the North Atlantic
is not known (Dufault et al. 1999). Since stock information is lacking to determine whether individuals
occurring in the Caribbean are their own separate stock or part of the North Atlantic or Gulf of Mexico
stocks, it is not appropriate to use abundance estimates from those areas.

Habitat Preferences—Sperm whales show a strong preference for deep waters (Rice 1989). Sperm
whale distribution is associated with waters over the continental shelf break, over the continental
slope, and into deeper waters (CETAP 1982; Hain et al. 1985; Kenney and Winn 1987; Waring and
Finn 1995; Smith et al. 1996; Waring et al. 2001). However, in some areas, such as off New England,
on the southwestern and eastern Scotian Shelf, or in the northern Gulf of California, adult males are
reported to quite consistently use waters with bottom depths less than 100 m and as shallow as 40 m
(Whitehead et al. 1992; Scott and Sadove 1997; Croll et al. 1999; Waring et al. 2002).
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Sperm whale concentrations have been correlated with high secondary productivity and steep
underwater topography (Jaquet and Whitehead 1996). Sperm whales are more frequently found in
certain geographic areas, which whalers exploited (whaling “grounds” such as the Azores Islands)
encompassing 300 to 1,500 square kilometers (km2) (Townsend 1935). These main sperm whaling
grounds are correlated with areas of increased primary productivity caused by upwelling (Jaquet et al.
1996). Sperm whales in the Gulf of Mexico aggregate at the mouth of the Mississippi River and along
the continental slope in or near cyclonic (cold-core) eddies (Biggs et al. 2000; Davis et al. 2002).
These eddies are mesoscale features with locally enhanced plankton stocks (Wormuth et al. 2000). In
the eastern tropical Pacific, sperm whale habitat use is significantly related to sea surface
temperature and depth of the thermocline (Polacheck 1987).

Distribution—Sperm whales are found from tropical to polar waters in all oceans of the world
between approximately 70°N and 70°S (Rice 1998). Adult males are known to move into polar
waters; female/immature groups rarely occur poleward of 50° (Best 1979; Rice 1989; Perry et al.
1999). Sperm whales are widely distributed in the Caribbean Sea, where they are commonly found
along the continental slope and in passages between islands (Taruski and Winn 1976; Roden and
Mullin 2000). Caldwell et al. (1971) and Rathjen and Sullivan (1970) reported takes of sperm whales
in the whale fishery off the Lesser Antillean island of St. Vincent.

» Information Specific to PROA/St. Croix OPAREA—GIobally, sperm whales are typically
distributed in shelf edge waters and over the continental slope. Sperm whales are expected in the
PROA/St. Croix OPAREA seaward of the continental shelf break into waters with bottom depths
analogous to the open ocean (>200 m) (Figure B-7). This is based on the known habitat
preferences of this species and the vast majority of sperm whale sightings in the OPAREA.
Swartz et al. (2002) also reported acoustic detections of sperm whales over relatively deep
waters. From this area of expected occurrence is an area of low or unknown occurrence, which is
based on the few sightings that have been reported during the sparse survey effort conducted in
these very deep waters (>2,000 m). In some locales, sperm whales also may be found in waters
less than 100 m deep (Scott and Sadove 1997; Croll et al. 1999). To account for the possibility of
encountering this species in shallow waters, there is a low or unknown sperm whale occurrence
from the 30 m isobath to the shelf break (Figure B-7). This occurrence prediction is based on
shallow water sperm whale sightings in the OPAREA as well as the possibility of this typically
deepwater species being found in insular shelf waters that are in such close proximity to deep
water. As in other areas where sperm whales are found in shelf waters, this is likely due to prey
occurrence (CETAP 1982). Sperm whale occurrence patterns are assumed to be similar
throughout the year.

Behavior and Life History—Sperm whales are highly social. The basic social unit is a mixed group
consisting of usually 20 to 40 adult females, calves, and some juveniles (Best 1979; Rice 1989).
Large male sperm whales typically occur alone or in pairs, at times joining groups of adult females for
breeding. For a review of sperm whale social organization, see Whitehead and Weilgart (2000).
Mating behavior is observed from winter through summer and calving during spring through fall.
Gestation is 14 to 15 months, lactation is approximately 2 years, and the typical inter-birth interval is 4
to 7 years. Sperm whales prey on large mesopelagic squid and other cephalopods as well as
demersal fishes and occasionally benthic invertebrates (Rice 1989; Clarke 1996). Stomach content
analysis of stranded sperm whales in Puerto Rico revealed squid beaks (Mignucci-Giannoni 1996).

Sperm whales are capable of dives to depths of over 2,000 m with durations of over 60 min (Watkins
et al. 1993). Average surface times between dives are less than 4 min, with 5 to 6 blows per min.
Male sperm whales spend up to 83% of daylight hours under water and do not spend extensive
periods of time at the surface (Jaquet et al. 2000). In contrast, females spend prolonged periods of
time at the surface (1 to 5 hrs daily) without foraging (Whitehead and Weilgart 1991). The average
swimming speed is estimated to be 0.7 m/sec (Watkins et al. 2002). Dive descents averaged 11 min
at a rate of 1.52 m/sec, and ascents averaged 11.8 min at a rate of 1.4 m/sec (Watkins et al. 2002).
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Acoustics and Hearing—Sperm whales make a variety of click sounds. These clicks range in
frequency from 100 Hz to 30 kHz, with dominant energy in two bands (2 to 4 kHz and 10 to 16 kHz).
Generally, most of the acoustic energy is present at frequencies below 4 kHz, although diffuse energy
up to past 20 kHz has been reported (Thode et al. 2002). The source levels are 160 to 180 dB re 1
pPa-m (Thomson and Richardson 1995; Ketten 1998). Thode et al. (2002) suggested that the
acoustic directivity (angular beam pattern) from sperm whales must range between 10 and 30 dB in
the 5 to 20 kHz region.

Clicks are heard most frequently when sperm whales are engaged in diving/foraging behavior
(Whitehead and Weilgart 1991). These may be echolocation clicks used in feeding, contact calls (for
communication), or both. When sperm whales are socializing, they tend to repeat series of clicks
(codas), which follow a precise rhythm and may last for hours (Watkins and Schevill 1977). Weilgart
and Whitehead (1997) suggested that codas are used primarily for intragroup communication.

The anatomy of the sperm whale’s ear indicates that it hears high frequency sounds (Ketten 1992).
Anatomical studies also suggest that the sperm whale has some ultrasonic hearing but at a lower
maximum frequency than many other odontocetes (Ketten 1992). The sperm whale may also
possess better low frequency hearing than some other odontocetes, although not as extraordinarily
low as many baleen whales (Ketten 1992). Auditory brainstem response in a neonatal sperm whale
indicated highest sensitivity to frequencies between 5 and 20 kHz (Ridgway and Carder 2001).

+ West Indian Manatee (Trichechus manatus)

Description—The manatee is a rotund, slow-moving animal, which reaches a maximum length of 3.9
m (Jefferson et al. 1993). The manatee has a small head, with a squarish snout with fleshy mobile
lips and two semi-circular nostrils at the front. The tail is horizontal and rounded. The body is gray or
gray-brown and covered with fine hairs that are sparsely distributed. The back is often covered with
distinctive scars from boat propeller cuts (Moore 1956).

For many years, it was suggested that two subspecies of the West Indian manatee existed: the
Florida manatee and the Antillean manatee (Domning and Hayek 1986). The Antillean manatee was
considered to occur throughout the West Indies, along the Caribbean coasts of Mexico and Central
America, and along the Atlantic coast of South America to central Brazil. More recent genetic analysis
of the West Indian manatee is not concordant with previous subspecies designations, instead
showing three distinctive lineages for this species corresponding to: (1) Florida and the West Indies,
(2) the Caribbean coast and rivers of South America, and (3) the Atlantic coast of South America
(Garcia-Rodriguez et al. 1998). This genetic work indicates that manatees occurring in Puerto Rico
are actually of the Florida subspecies, and not the Antillean subspecies as originally suggested. More
studies need to be done to clarify the stock structure of the West Indian manatee in the Caribbean.

Status—West Indian manatees are classified as endangered under the ESA. The exact number of
manatees in Puerto Rico is unknown, but manatee numbers range from 43 to 101 individuals from
aerial surveys conducted by the USFWS from 1984 through 1999 (Lefebvre et al. 2001). Lefebvre et
al. (2001) note that the number of manatees in Puerto Rico probably has not declined and may have
increased since 1978.

Rathbun et al. (1985) suggested that the principal source of human-related manatee mortality in
Puerto Rico is from entanglement in gillnets. More recently, however, Mignucci-Giannoni et al. (2000)
found that most human-related manatee deaths are due to watercraft collisions.

Habitat Preferences—Sightings of manatees are restricted to warm freshwater, estuarine, and
extremely nearshore coastal waters. Shallow grass beds with ready access to deep channels are
preferred feeding areas in coastal and riverine habitats (USFWS 2001). Manatees often use secluded
canals, creeks, embayments, and lagoons, particularly near the mouths of coastal rivers and sloughs,
for feeding, resting, mating, and calving (USFWS 2001). Estuarine and brackish waters and natural
and artificial freshwater sources are sought by manatees (USFWS 2001).
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Manatee distribution in Puerto Rico (as well as other locales where this species is found) is influenced
by the availability of fresh water (Powell et al. 1981). In Puerto Rico, manatees use the Cape Hart
sewage treatment plant effluent at Naval Station Roosevelt Roads (NSRR) as a source of fresh water
(Powell et al. 1981; Rathbun et al. 1985). Manatees also visit the mouths of the Loiza River and
Fajardo River (Powell et al. 1981). Manatees have been observed drinking fresh water that flows out
of the mouth of the Rio Blanco, Rio Humacao, and Rio Guanajibo (Lefebvre et al. 2001). Mignucci-
Giannoni (1989) reported the residency of an individual manatee in the northwestern corner of Puerto
Rico where manatees are not frequently observed but was able to determine from local divers that a
submarine freshwater stream occurs there.

Seagrass beds are relatively sparse along the northwest coast of Puerto Rico where manatees are
infrequently seen. Deep waters close to shore and a lack of embayments also result in less favorable
habitat along the north coast (Powell et al. 1981; Lefebvre et al. 2001). Seagrass beds are extensive
on the eastern and southern coasts of the island. Tagging studies reveal a heavy reliance on the
seagrass beds and nearshore waters of NSRR (Lefebvre et al. 2000). Areas of high manatee use are
concentrated in the main harbor at NSRR, and in other locations, shallow coves and bays protected
from wave action. In the area of NSRR, manatees have been sighted feeding in Pelican Cove and
Ensenada Honda (Rathbun et al. 1985; Freeman and Quintero 1990; Lefebvre et al. 2000). There is
high use of seagrass beds by manatees in Bahia Algodones, west of Roosevelt Roads (Reid 1994).
Kruer (1995) and Reid et al. (2001) have characterized seagrass habitat to establish baseline
conditions and document the effects of various impacts on seagrasses, including manatees foraging
on them.

Reid and Kruer (1998) mapped and characterized the nearshore benthic habitat around Vieques
Island. The higher incidence of manatees (in particular, cow/calf pairs) observed at NSRR and
northwestern Vieques Island is related to the abundance of seagrass beds (Rathbun et al. 1985; Reid
and Kruer 1998; Lefebvre et al. 2000). It should be noted, however, that although seagrass beds
extend several kilometers offshore and are found in waters with bottom depths greater than 20 m,
most observations of feeding manatees are close to shore and in shallow water (range 1 to 5 m)
(Lefebvre et al. 2000). Even though seagrass biomass appears to be higher in Vieques than NSRR,
the habitat of Vieques may not be as attractive to manatees with freshwater sources difficult to locate
(Diaz et al. 1992).

Distribution—\West Indian manatees occur in warm, subtropical, and tropical waters of the western
North Atlantic from the southeastern U.S. to Central America, northern South America, and the West
Indies, primarily in freshwater systems, estuaries, and shallow, nearshore, coastal waters (Lefebvre
et al. 2001).

Manatees in Puerto Rico are found in coastal waters, well inside the continental shelf and, rarely, if at
all, near the shelf edge (Mignucci-Giannoni 1989). Mignucci-Giannoni (1989) did note that manatee
distribution is probably an indirect one, reflecting the topography and substrate requirements for
seagrasses. Aerial surveys document the greatest manatee concentrations along the south-central
and eastern shores of Puerto Rico and none on the northwestern shore (Powell et al. 1981; Rathbun
et al. 1985; Lefebvre et al. 2001). Slightly over one-third of sightings at Puerto Rico are around NSRR
on the eastern end of the island in the area of Fajardo and Ceiba, and the northwestern shore of
nearby Vieques Island (Powell et al. 1981; Rathbun et al. 1985). Along the south coast, they are
common in the Jobos Bay area between Guayama and Salinas (Mignucci-Giannoni et al. 2002).
Tagging data have shown high use of the southwest coast (Mayaguez to Boqueron) (Mignucci-
Giannoni et al. 1999b). One tagged subadult male moved from Mayaguez (Puerto Rico’s west coast)
to San Juan and Luquillo (northeast coast), for a distance of 210 km (Mignucci-Giannoni et al.
1999b). Manatees are infrequently seen in areas immediately to the west of San Juan (Mignucci-
Giannoni 1989). Alsina-Guerrero et al. (2001) noted a decline in manatee sightings in San Juan Bay,
but were not able to speculate on the cause.

Satellite and radio-tracking data have shown that there are manatees making directed long-distance
movements between eastern Puerto Rico and Vieques (Reid and Bonde 1993; Reid and Kruer 1998;
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Lefebvre et al. 2000). The area on the northwest coast of Vieques Island, to the west of Mosquito
Pier, is well-known to be used for feeding and resting by manatees (Magor 1979; Rathbun et al. 1985;
Reid and Kruer 1998). The width of the seagrass bed (mixed Thalassia and Syringodium) on the
northwest end of Vieques is greater than that of any other grass bed on Vieques (Magor 1979).
Magor (1979) noted that sightings were concentrated in the lee of Mosquito Peer and off the mouth of
Kiani Lagoon on Vieques. Manatees also use areas along the southern shore of Vieques (Reid 1994;
GMI unpublished data).

As noted by Lefebvre et al. (2001), except for Vieques Island, manatees are rarely reported from the
islands offshore of Puerto Rico. There is a stranding documented from St. Thomas; there are rare
sightings of manatees in the Virgin Islands (Mignucci-Giannoni 1989; Mignucci-Giannoni 1996;
Lefebvre et al. 2001). A manatee was entangled in a fishing net off Culebra Island in 1982 and one
was reported there in 1999 (Mignucci-Giannoni 1989; Lefebvre et al. 2001). There are now only fossil
records of manatees occurring in the Virgin Islands, Antigua, Martinique, and St. Lucia (Rathbun and
Possardt 1986; Mignucci-Giannoni 1989).

» Information Specific to PROA/St. Croix OPAREA—The West Indian manatee is expected to occur
in the coastal waters of most of Puerto Rico, all of Culebra, and around most of Vieques (Figure
B-8). Occurrence patterns are expected to be the same throughout the year. Occurrence was
determined by using location information from survey and opportunistic sightings (Figure B-8),
tagging efforts by the Sirenia Project (Reid 1994, 1995, 1996, 1997; Mignucci-Giannoni et al.
1999b), and habitat preferences of this species (e.g., Magor 1979; Rathbun et al. 1985; Lefebvre
et al. 2000). Habitat preferences considered included the presence of shallow seagrass beds
(NOS 2001), availability of freshwater sources (including river mouths and effluents), shallow
waters, and embayments where manatees are protected from strong wave action. Manatees as a
result are expected to occur (most often in a concentrated fashion) in waters close to the
shoreline of Puerto Rico with the exception of the northwest shore. The south shore has access
to seagrass beds and fresh water, as does the east side of the island, particularly in the area of
NSRR NOS 2001; Reid et al. 2001). The west side of Puerto Rico offers embayments that could
protect manatees from wave surges, as well as seagrasses. Occurrence is expected around the
entire island of Culebra, even though there have been few reported sightings around Culebra.
Culebra has seagrass beds that should be attractive to manatees for foraging purposes (NOS
2001). Occurrence is also expected (and concentrated) around most of Vieques, based on
sightings from surveys (Appendix Figure B-8), tagging information from the Sirenia Project (e.g.,
Reid 1997), and an extensive seagrass bed on the northwest corner of Vieques (Magor 1979;
Reid and Kruer 1998; NOS 2001).

There is a low or unknown occurrence of manatees on the northwest and north-central shore of
Puerto Rico. This is based on the low number of sightings in this area, which are likely a reflection
of habitat that is not favorable for manatees to frequent for any extended period of time. Deep
waters come very close to shore on the north side of Puerto Rico, there is no seagrass habitat (or
very little) in this area, and manatees would be exposed to rough water conditions (NOS 2001).
There is a low or unknown occurrence of manatees in the waters connecting Puerto Rico and
Culebra, Puerto Rico and Vieques, close to shore around St. Croix, USVI, and in the waters
around the rest of the Virgin Islands. This is based on the few sightings that have been made in
those areas and the possibility that encountering the highly endangered manatee may occur.

Behavior and Life History—Two important aspects of the manatee’s physiology influence behavior:
nutrition and metabolism. Manatees have an unusually low metabolic rate and a high thermal
conductance that leads to energetic stress in winter, ameliorated by migration and aggregation in
warm-water refugia (Hartman 1979). Manatees are herbivores that feed opportunistically on a wide
variety of submerged, floating, and emergent vegetation (USFWS 2001). The diet of the manatee in
Puerto Rico appears to consist of turtle grass (Thalassia testudinum), shoal grass (Halodule wrightii),
and manatee grass (Syringodium filiforme), with occasional use of mangrove and accidental ingestion
of green alga (sea lettuce [Ulva lactuca]l and grass caulerpa [Caulerpa prolifera]) and hydroids
(Mignucci-Giannoni and Beck 1998). Manatees in Puerto Rico often fed on turtle grass due to its
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abundance. However, manatees exhibit selective feeding by returning to specific sites with abundant
shoal grass (Lefebvre et al. 2000). Manatees also appear to feed selectively on turtle grass shoots
associated with clumps of the calcareous alga called halimeda macroalgae (Halimeda opuntia)
(Lefebvre et al. 2000). Manatees in Florida have not demonstrated this specialized feeding behavior.

Manatees are most often observed singly (Hartman 1979; Mignucci-Giannoni 1989); they are not very
social. Manatees in Florida aggregate in large numbers around warm water sources (Hartman 1979).
Calves are probably born year-round (Hartman 1979; Mignucci-Giannoni 1989).

Acoustics and Hearing—Manatees produce pulsed 200 to 500 ms species-specific calls (Gerstein
et al. 2001). The average frequency range is between 1,000 and 12,000 Hz (Steel and Morris 1982).
Ketten et al. (1992) described the anatomy of the manatee ear. Audiogram work suggests that
manatees may hear better than originally suggested (Gerstein 1999; Gerstein et al. 1999; Gerstein
2002). Manatees have high frequency sensitivity, narrow critical bands, and pulsed broadband calls
(Gerstein et al. 1999). Current behavioral data for the West Indian manatee indicate a hearing range
of approximately 0.4 to 46 kHz, with best sensitivities between 16 and 18 kHz (50 dB re 1 yPa-m).
The range of best hearing is 6 to 20 kHz.

31.22 Non-Threatened and Non-Endangered Marine Mammal Species of PROA/St. Croix OPAREA

There are 25 non-endangered/non-threatened marine mammal species: two baleen whale species and
23 toothed whale species. For many of the marine mammal species occurring in the PROA/St. Croix
OPAREA, there are multiple records for their occurrence; for some, there may be just one record. For
species with few records, this may be a result of difficulty in species identification or extralimital
occurrences of the species. Any sightings of hooded seals in the PROA/St. Croix OPAREA represent
uncommon extralimital occurrences of individuals that strayed from their normal distribution.

¢

Minke Whale (Balaenoptera acutorostrata)

Description—The minke whale is the smallest rorqual species in the western North Atlantic, with
adults reaching lengths of just over 9 m (Jefferson et al. 1993). The head is extremely pointed, and
the median head ridge is prominent. The dorsal fin is tall, recurved, and is located about two-thirds of
the way back from the snout tip (Jefferson et al. 1993). The minke whale’s coloration is distinct: dark
gray dorsally, white beneath, and streaks of intermediate shades on the sides (Jefferson et al. 1993).
The most distinctive light marking is a brilliant white band across each flipper of northern hemisphere
minke whales (Stewart and Leatherwood 1985).

Status—In the North Atlantic, there are four recognized populations—Canadian east coast, west
Greenland, central North Atlantic, and northeastern North Atlantic (Waring et al. 2002). Minke whales
off the eastern U.S. are considered to be part of the Canadian east coast stock, which inhabits the
area from the eastern half of the Davis Strait out to 45°W and south to the Gulf of Mexico (Waring et
al. 2002). The best available current abundance estimate for the Canadian east coast stock of minke
whales is 4,018 individuals (Waring et al. 2002). There is no stock information for minke whales that
are sighted in the Caribbean. There are no abundance estimates for this species for the Puerto Rico
area.

Habitat Preferences—Off eastern North America, the minke whale generally occupies waters over
the continental shelf, including inshore bays and estuaries (Waring and Palka 2002; Waring et al.
2002). However, based on whaling catches and surveys worldwide, there is a deep-ocean component
to the minke whale’s distribution (Slijper et al. 1964; CETAP 1982; Horwood 1990; Mitchell 1991;
Mellinger et al. 2000; Waring et al. 2002).

Distribution—Minke whales are distributed in polar, temperate, and tropical waters (Jefferson et al.
1993). There appears to be a strong seasonal component to minke whale distribution. Spring and
summer are times of relatively widespread and common occurrence, and during this time, they are
most abundant in New England waters (Waring et al. 2002). During fall in New England waters, there
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are fewer minke whales; during winter the species appears to be largely absent. Minke whales are
known to occur during the winter months (November through March) in the southwestern region of
the North Atlantic including the area from Bermuda to the West Indies (Mitchell 1991).

Most minke whale sightings in the Caribbean have been in January and February, though minke
whales have been reported as early as December (Winn and Perkins 1976) and as late as May
(Mignucci-Giannoni 1998). Mignucci-Giannoni (1998) found minke whales distributed equally over the
continental shelf and near the shelf break and less frequently offshore. However, Roden and Mullin
(2000) reported sighting three minke whales during winter 1995, in waters 5,490 m deep, about 160
km northeast of Puerto Rico. Mellinger et al. (2000) recorded pulse trains that they attributed to minke
whales in an area 190 to 350 km northeast of Puerto Rico during March 1994.

» Information Specific to PROA/St. Croix OPAREA—Minke whales are known to occur during the
winter months in the West Indies (Mitchell 1991). Appendix Figure B-9 shows that there are
sightings in both winter and spring, which may reflect some differences in migration patterns, with
some individuals leaving later than others. Clark (1995) detected minke whales (by passive
acoustic means) in the southern part of the western North Atlantic during the fall, winter, and
spring. Despite the lack of sightings of minke whales in the OPAREA at other times of the year, it
is assumed that minke whales have a similar life history as the other rorquals with a population
shift north into summer feeding grounds.

The winter range of some rorquals (and often extrapolated to the minke whale) is thought to be in
deep, offshore waters particularly at lower latitudes (Kellogg 1928; Gaskin 1982). Minke whale
sightings have been reported in deep waters during this time of year (Slijper et al. 1964; Mitchell
1991).

During winter, spring, and fall, there is a low or unknown occurrence of minke whales from the
shore to past the boundaries of the PROA/St. Croix OPAREA. This takes into consideration both
sightings in shallow waters, as well as the anticipated oceanic occurrence (Appendix Figure B-9).

Behavior and Life History—Minke whales are sighted in small groups. Mating is thought to occur in
winter or early spring, but has never been observed (Stewart and Leatherwood 1985). Stern (1992)
described a general surfacing pattern of minke whales consisting of about four surfacings,
interspersed by short-duration dives averaging 38 sec. After the fourth surfacing, there was a longer
duration dive ranging from approximately 2 to 6 min. Minke whales are “gulpers” like the other
rorquals (Pivorunas 1979). Hoelzel et al. (1989) reported on different feeding strategies used by
minke whales. In the western North Atlantic, minke whales feed primarily on schooling fish such as
sand lance, capelin, herring, and mackerel (Kenney et al. 1985).

Acoustics and Hearing—Recordings in the presence of minke whales have included both high- and
low-frequency sounds (Beamish and Mitchell 1973; Winn and Perkins 1976; Mellinger et al. 2000).
Mellinger et al. (2000) described two basic forms of pulse trains that were attributed to minke whales:
a “speed up” pulse train with energy in the 200 to 400 Hz band, with individual pulses lasting 40 to 60
msec, and a less-common “slow-down” pulse train characterized by a decelerating series of pulses
with energy in the 250 to 350 Hz band. Recorded vocalizations from minke whales have dominant
frequencies of 60 to greater than 12,000 Hz, depending on vocalization type (Thomson and
Richardson 1995). Recorded source levels, depending on vocalization type, range from 151 to 175
dB re 1 pyPa-m (Ketten 1998). Gedamke et al. (2001) recorded a complex and stereotyped sound
sequence that spanned a frequency range of 50 Hz to 9.4 kHz. Broadband source levels between
150 and 165 dB re 1 yPa-m were calculated. While no data on hearing ability for this species are
available, Ketten (1997) hypothesized that mysticetes have acute infrasonic hearing.

+ Bryde’s Whale (Balaenoptera edeni)

Description—Bryde’s whales can be easily confused with sei whales. Bryde’s whales usually have
three prominent ridges on the rostrum (other rorquals generally have only one) (Jefferson et al. 1993).
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The Bryde’s whale’s dorsal fin is tall and falcate and generally rises abruptly out of the back. Adults
can be up to 15.5 min length (Jefferson et al. 1993).

It is not clear how many species of Bryde’s whales there are, but genetic analyses suggest the
existence of two species (Rice 1998; Kato 2002).

Status—There is no abundance information available for the Bryde’s whale in the Caribbean or off
the continental U.S.

Habitat Preferences—Bryde’s whales are found both offshore and near the coasts in many regions.
Off Venezuela, Bryde’s whales are often sighted in the shallow waters between Isla Margarita and
Peninsula de Araya, as well as into waters where there is a steep slope, such as the Cariaco Trench
(Notarbartolo di Sciara 1982). In the Gulf of Mexico, all Bryde’s whale sightings have been near the
shelf break in Desoto Canyon (Jefferson and Schiro 1997).

Distribution—The Bryde’s whale is found in tropical and subtropical waters, generally not moving
poleward of 40° in either hemisphere (Jefferson et al. 1993). Cummings (1985) reported that Bryde’s
whales are seen in the Caribbean southward to Brazil. Debrot et al. (1998) noted that the Bryde's
whale is the most common rorqual in the southeastern Caribbean. There is only one record for
Bryde's whale for Puerto Rico and the Virgin Islands, a live stranding occurring on St. Croix, USVI in
1991 (Mignucci-Giannoni 1996).

» Information Specific to PROA/St. Croix OPAREA—Bryde’s whales are seen year-round
throughout tropical and subtropical waters (Kato 2002). There is a known concentrated
occurrence of this species in Venezuelan waters (Notarbartolo di Sciara 1982). There are
occasional reported sightings of this species in the rest of the Caribbean. The Bryde’s whale has
been reported to occur in both deep and shallow waters globally. While the Bryde’s whale could
be found in shallow waters, it is not expected to occur up to the shoreline. Therefore, the Bryde’s
whale has a low or unknown occurrence from the 30 m isobath to seaward of the PROA/St. Croix
OPAREA boundaries (Figure B-10). Bryde’s whale occurrence patterns are assumed to be the
same throughout the year. The distribution of unidentified rorquals (Figure B-5) was also
considered to predict the Bryde’s whale occurrences. It would be reasonable to assume that
some of the sightings that were recorded as unidentified rorquals (the Bryde’s whale, fin whale,
blue whale, minke whale, humpback whale, and sei whale, which can be difficult to distinguish
from one another during some sighting conditions) might be of Bryde’s whales. It is likely that the
sightings in waters on the continental shelf or very near the shelf break (Figure B-5) are of
Bryde’s whales (Jefferson personal communication).

Behavior and Life History—This species is generally seen alone or in pairs (Tershy 1992). The
Bryde’s whale does not have a well-defined breeding season in most areas. There is a 2-year
reproductive cycle composed of 11 to 12 months of gestation, 6 months of lactation, and 6 months of
resting (Kato 2002). Bryde’s whales are lunge-feeders, feeding primarily on fish, but they also take
small crustaceans. Cummings (1985) reports that Bryde’s whales may dive as long as 20 min.

Acoustics and Hearing—Bryde’s whales produce very low frequency tonal and pulsed moans
similar to other rorquals (Oleson et al. 2001). All Bryde’s whale sounds recorded have been low-
frequency pulsed and non-pulsed moans in the 100 to 900 Hz range that do not occur in long,
patterned sequences (Edds et al. 1993). While no data on hearing ability for this species are
available, Ketten (1997) hypothesized that mysticetes have acute infrasonic hearing.

+ Pyagmy and Dwarf Sperm Whales (Kogia breviceps and Kogia sima, respectively)

Description—Pygmy sperm whales have a shark-like head with a narrow underslung lower jaw
(Jefferson et al. 1993). The flippers are set high on the sides near the head. The small falcate dorsal
fin of the pygmy sperm whale is usually set well behind the midpoint of the back (Jefferson et al.
1993). The dwarf sperm whale is similar in appearance to the pygmy sperm whale, but the dwarf
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sperm whale has a larger dorsal fin, generally set nearer the middle of the back (Jefferson et al.
1993). The dwarf sperm whale also has a shark-like profile but with a more pointed snout than the
pygmy sperm whale. Pygmy and dwarf sperm whales reach body lengths of around 3.0 m and 2.5 m,
respectively (PlIon and Bernard 1999).

Dwarf and pygmy sperm whales are difficult to distinguish from one another at sea, and sightings of
either species are often categorized as Kogia spp. The difficulty in identifying pygmy and dwarf sperm
whales is exacerbated by their avoidance reaction towards ships and change in behavior towards
approaching survey aircraft (Wirsig et al. 1998). Based on the cryptic behavior of these species and
small group sizes (much like that of beaked whales), as well as similarity in appearance, it is difficult
to identify Kogia to species. This is evident in that all the sightings of Kogia spp. do not have a
species identity determined (Figure B-11).

Status—There are no abundance estimates for this species in the Caribbean. Fisheries interactions
have played a prominent role in mortality for Kogia off Puerto Rico.

Habitat Preferences—Both species of Kogia generally occur in waters along the continental shelf
break and over the continental slope (McAlpine 2002). Data from the Gulf of Mexico suggest that
Kogia may associate with frontal regions along the shelf break and upper continental slope, areas
with high epipelagic zooplankton biomass (Baumgartner et al. 2001). The zooplankton is likely part of
the diet of one or more of the common prey species of Kogia. A satellite-tagged, rehabilitated pygmy
sperm whale released off the Atlantic coast of Florida remained along the continental slope and the
western edge of the Gulf Stream during the time of the tag’s operation (Scott et al. 2001). Dwarf
sperm whales may have a more oceanic distribution than pygmy sperm whales and/or dive deeper
during feeding bouts, based on hematological and stable-isotope data (Barros et al. 1998).

Distribution—Both Kogia species have a worldwide distribution in tropical and temperate waters
(Jefferson et al. 1993). Cardona-Maldonado and Mignucci-Giannoni (1999) reviewed information on
Kogia spp. in Puerto Rico and the Virgin Islands and suggested that they are resident in the
Caribbean.

» Information Specific to PROA/St. Croix OPAREA—Sighting and stranding data are also included
for Kogia spp, which were not identified as either the pygmy sperm whale or the dwarf sperm
whale. As noted earlier, identification to species for this genus is difficult, particularly at sea.
Sightings that were listed as unidentified Kogia spp. were plotted as such. When a Kogia species
was identified to species, pygmy sperm whale or dwarf sperm whale was plotted accordingly.

There are few recorded sightings within the PROA/St. Croix OPAREA (Figure B-11). As noted by
Cardona-Maldonado and Mignucci-Giannoni (1999), more survey effort in conjunction with
continued monitoring of stranding events should yield additional records of Kogia spp. and much
needed information on the distribution and habitat preferences of these species. Based on the
little available information for these two species in this OPAREA and the known preference of
these two species for deep waters, there is a low or unknown occurrence from the vicinity of the
continental shelf break to beyond the boundaries of the OPAREA (Figure B-11). Occurrence
patterns are assumed to be the same for all four seasons.

Behavior and Life History—Kogia have small group sizes (mean group size is usually two
individuals) (Willis and Baird 1998). A recent study of Kogia in South Africa has determined that these
two species have a much earlier sexual maturity and shorter life span than other similarly sized
toothed whales (P16n and Bernard 1999). Sexual maturity is attained at around 4 years in both sexes
of both species. Kogia feed on cephalopods and, less often, on deep-sea fishes and shrimps
(Caldwell and Caldwell 1989; Baird et al. 1996; Willis and Baird 1998). Stomach contents from
stranded Kogia in Puerto Rico and the Virgin Islands included small squid beaks, a deepwater, small
shrimp-like crustacean (mysid), and small fish probably related to deepwater searobins (Family
Triglidae) (Cardona-Maldonado and Mignucci-Giannoni 1999). Willis and Baird (1998) reported that
Kogia make dives of up to 25 min. A satellite-tagged pygmy sperm whale released off FL was found
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to make long nighttime dives, presumably indicating foraging on squid in the deep scattering layer
(Scott et al. 2001). Most sightings of Kogia are brief; these whales are often difficult to approach and
actively avoid aircraft and vessels (Wirsig et al. 1998).

Acoustics and Hearing—Pygmy sperm whale clicks range from 60 to 200 kHz, with a dominant
frequency of 120 kHz (Thomson and Richardson 1995). There is no information available on dwarf
sperm whale vocalizations. An auditory brainstem response study indicates that pygmy sperm whales
have their best hearing between 90 and 150 kHz (Ridgway and Carder 2001).

+ Beaked Whales (Family Ziphiidae)

Description—There are six species of beaked whales known to occur in the western North Atlantic
Ocean; five may occur in the PROA/St. Croix OPAREA. While there are confirmed records for the
Cuvier's beaked whale (Ziphius cavirostris), Gervais' beaked whale (Mesoplodon europaeus), and
Blainville's beaked whale (M. densirostris), it is possible for True's and Sowerby’s beaked whales (M.
mirus and M. bidens, respectively) to make an appearance here. Of these species, only the Cuvier’s
beaked whale is relatively easy to identify (Coles 2001). The head and back of Cuvier's beaked whale
may be extensively light gray or white, in contrast to the darker coloration of the other beaked whale
species (Jefferson et al. 1993).

Morphological and coloration similarities among species in the genus Mesoplodon make identification
of free-ranging animals difficult. Coles (2001) provided a description of features that may aid in
positive identification at sea. Coloration is usually brownish gray to olive with white scarring and
spots. Mesoplodon species are small whales with maximum reported adult lengths of 6.2 m (Mead
1989). They have a relatively small head, large thorax and abdomen, and short tail. Mesoplodon
species all have a pair of throat grooves on the ventral side of the head between the lower jaws.
Beaked whales in the genus Mesoplodon are characterized by the presence of a single pair of
sexually dimorphic tusks, which erupt only in adult males. MacLeod (2000a) suggested that the
variation in the position and shape of the tusks acts as a species recognition character for these
whales. Gervais' beaked whale males reach lengths of at least 4.5 m, while females reach at least 5.2
m (Jefferson et al. 1993). Blainville's beaked whales appear to reach a maximum of around 4.7 m
(Jefferson et al. 1993).

Cuvier's beaked whales are relatively robust compared to other beaked whale species. Male and
female Cuvier's beaked whales may reach 7.5 and 7.0 m in length, respectively (Jefferson et al.
1993). This species has a relatively short beak, which, with the curved jaw, resembles a goose beak.

Status—There are no estimates of abundance for any beaked whale species in the Caribbean.

Habitat Preferences—Little is known about the habitat preferences of beaked whales. Beaked whale
abundance off the eastern U.S. may be highest in association with the Gulf Stream and associated
warm-core rings (Waring et al. 1992). In summer, beaked whales use the shelf edge region off the
northeast U.S. as primary habitat (Waring et al. 2001). Ferguson et al. (2001) noted that offshore
waters beyond the continental slope are not often identified as beaked whale habitat, yet this may be
a function of lack of survey effort rather than a reflection of the animals’ true habitat.

A Blainville's beaked whale population in the Bahamas was found to spend the majority of their time
in waters with bottom depths of 200 m to 1,000 m (with gully-like physiographic features), with a
possible preference for waters deeper than 500 m (MacLeod and Claridge 1999). MacLeod and
Claridge (1999) also noted that local scale distribution in the Bahamas might be limited to small areas
of suitable habitat, particularly for foraging.

Distribution—Beaked whales normally inhabit deep ocean waters (>2000 m) or continental slopes
(200 to 2000 m), and only rarely stray over the continental shelf (Pitman 2002). The distribution of
Mesoplodon species in the western North Atlantic is known almost entirely from strandings (Mead
1989; MacLeod 2000b).
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The Cuvier's beaked whale is the most cosmopolitan of all beaked whale species, occurring in most
oceans. The Cuvier’'s beaked whale is the second most common species stranded in Puerto Rico and
the U.S. Virgin Islands (Mignucci-Giannoni 1989); mass strandings of this species are also known for
this area. The ranges of many beaked whales of the genus Mesoplodon are poorly known.
Distribution of Mesoplodon in the North Atlantic may relate to water temperature (MacLeod 2000b).
Blainville's beaked whale and Gervais' beaked whale occur in warmer southern waters (MacLeod
2000b). There are stranding records for both of these beaked whale species in the northeastern
Caribbean (Rosario-Delestre et al. 1999). There may be species other than Blainville’s, Cuvier’s, and
Sowerby’s beaked whales (species represented by confirmed records) occurring in this area. For
example, the True's beaked whale is known from the nearby Bahamas and the east coast of Florida
(Mead 1989; MacLeod 2000b). The True’s beaked whale could regularly occur off Puerto Rico,
particularly considering how little is known about beaked whale distribution (Jefferson personal
communication). This in contrast to the suggestion by Rosario-Delestre et al. (1999) that any
sightings of True’s beaked whales off Puerto Rico would be extralimital. There is one stranding record
for the Sowerby’s beaked whale in the Gulf of Mexico (Jefferson and Schiro 1997). Sowerby’s beaked
whale is considered a temperate water species, so it is not expected in this area (Jefferson personal
communication). Any records of the Sowerby’s beaked whale in the Caribbean would likely be
considered extralimital (Jefferson and Schiro 1997).

» Information Specific to PROA/St. Croix OPAREA—Beaked whales may be expected to occur in
the area near the continental shelf break into waters seaward of where the bottom topography
becomes steep and then flat (Figure B-12). There is a low or unknown occurrence of this species
past the area of expected occurrence, which takes into account the possibility of encountering
this species (as evidenced by a sighting in the southern portion of the OPAREA during winter and
the low dedicated survey effort in this area). There is a low or unknown occurrence of beaked
whales on the continental shelf, and is based on the number of sightings on the continental shelf,
which may be a reflection of the fact that deep waters come close to the shore in this OPAREA.
Beaked whale occurrence patterns are assumed to be the same throughout the year. Because of
the behavior of these species and similarity in appearance, it is difficult to identify beaked whales
to species, particularly at sea. This is evident in the number of sightings of unidentified beaked
whales in contrast to those where the species identity was determined (Figure B-12).

Behavior and Life History—OQObserved group sizes of beaked whales are small (1 to 4 individuals).
Most sightings are brief; these whales are often difficult to approach and actively avoid aircraft and
vessels (Wirsig et al. 1998). Life history data on beaked whales species are extremely limited.
Seasonality of calving is not known for beaked whale species.

All species of beaked whales probably feed at or close to the bottom in deep oceanic waters, taking
whatever suitable prey they encounter or feeding on whatever species are locally abundant (MacLeod
2001). Analysis of stomach contents from captured and stranded individuals suggests that beaked
whales are deep-diving animals, feeding by suction predominantly on mesopelagic fish and squid or
deepwater benthic invertebrates (Heyning 1989; Mead 1989; Heyning and Mead 1996; Santos et al.
2001). Stomach content analysis of Cuvier's and Gervais’ beaked whales off Puerto Rico revealed
deepwater shrimp (Gnathophausia spp.) (Mignucci-Giannoni 1996). Mesoplodon species occupy a
separate ecological niche (feeding on smaller cephalopods) from the Cuvier's beaked whale, which
allows Mesoplodon species to locally co-exist with the Cuvier's beaked whale (MacLeod 2001).
Gannon et al. (1998) hypothesized that earlier reports overestimated the importance of squids in the
diet of two beaked whale species, since squid beaks are more resistant to digestion than fish otoliths.
Dives exceeding 45 min have been documented for Cuvier's and Blainville's beaked whales
(Jefferson et al. 1993). Durations of long dives for Mesoplodon spp. are over 20 min (Barlow 1999).

Acoustics and Hearing—\Very little information is available on characteristics of sound produced by
beaked whales. MacLeod (1999) suggested that beaked whales use frequencies of between 300 Hz
and 129 kHz for echolocation, and between 2 and 10 kHz, and possibly up to 16 kHz, for social
communication. Caldwell and Caldwell (1971) recorded short whistles/chirps from a live, stranded
Blainville's beaked whale; the frequency range was 1 to 6 kHz. Click pulses of Cuvier's beaked
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whales recorded by Frantzis et al. (2002) had a frequency peak between 13 and 17 kHz. No data are
available on the hearing range of beaked whales. Slow and fast clicks and “a narrow band sound”
were recorded from a stranded Gervais’ beaked whale (Norman and Mead 2001). There is no direct
information available on the exact hearing abilities of beaked whales (MacLeod 1999). Beaked whale
ears are predominantly adapted to hear ultrasonic frequencies (MacLeod 1999). Based on the
anatomy of the ears of beaked whales, these species may be more sensitive than other cetaceans to
low frequency sounds; however, as noted earlier, there is no evidence to support this idea (MacLeod
1999).

+ Rough-toothed Dolphin (Steno bredanensis)

Description—This is a relatively robust dolphin with a cone-shaped head and no demarcation
between the melon and beak (Jefferson et al. 1993). The rough-toothed dolphin has large flippers that
are set far back on the side and a prominent falcate dorsal fin (Jefferson et al. 1993) The body is dark
gray, with a prominent narrow dorsal cape that dips slightly down onto the side below the dorsal fin.
The lips and much of the lower jaw are white. The rough-toothed dolphin reaches 2.8 m in length
(Jefferson et al. 1993).

Status—There are no abundance estimates available for the rough-toothed dolphin in the Caribbean.

Habitat Preferences—The rough-toothed dolphin is found in deep, offshore waters. In the Gulf of
Mexico, the rough-toothed dolphin occurs primarily over the deeper waters (bottom depths of 950 to
1,100 m) off the continental shelf (Davis et al. 1998). However, Mignucci-Giannoni (1989, 1998)
reported that all records for this species for Puerto Rico and the Virgin Islands are in waters over the
continental shelf. Lodi and Hetzel (1999) reported that rough-toothed dolphins were found on the
continental shelf in llha Grande Bay (southeastern coast of Brazil), but there has not been much
sighting effort in deep waters.

Distribution—Rough-toothed dolphins are found in tropical to warm-temperate waters globally
(Miyazaki and Perrin 1994). In most areas where they are known to occur, they are not commonly
encountered (Jefferson 2002a). There are not many records for this species from the western North
Atlantic (Leatherwood et al. 1976). The rough-toothed dolphin was infrequently captured in the St.
Vincent small cetacean fishery in the Lesser Antilles (Caldwell et al. 1971).

» Information Specific to PROA/St. Croix OPAREA—Winter is the only season with sighting records
for the rough-toothed dolphin in the PROA/St. Croix OPAREA (Figure B-13). It is possible that the
lack of sightings in other seasons might reflect the possibility of some rough-toothed dolphins
being misidentified as bottlenose dolphins, a species they closely resemble (Jefferson personal
communication). Occurrence of rough-toothed dolphins throughout the year is expected from the
shelf break to the 3,000 m isobath both north and south of Puerto Rico and the Virgin Islands,
following the outline of the Antilles Island Arch (Figure B-13). This is a species known to prefer
deep waters. The rough-toothed dolphin is a tropical species and is expected to occur in the area
year-round. Information on rough-toothed dolphin occurrence in other areas of the world suggests
that there should be no significant seasonality in their distribution patterns (Jefferson personal
communication). There is a low or unknown occurrence of rough-toothed dolphins on the
continental shelf based on the sightings occurring there, and also the fact that there are only a
few sightings, all occurring during one season, making it difficult to ascertain whether this species
should be expected to occur on the shelf at all in this area.

Behavior and Life History—Small groups of 10 to 20 rough-toothed dolphins are most common,
with herds up to 50 animals reported (Miyazaki and Perrin 1994). Mignucci-Giannoni (1998) reported
groups of 3 to 30 individuals. This species is known to mass strand (Rhinehart et al. 1999). Female
rough-toothed dolphins tend to reach sexual maturity between 4 and 6 years of age; males attain
sexual maturity between 5 and 10 years of age (Mead et al. 2001). Rough-toothed dolphins may stay
submerged for up to 15 min and are known to dive as deep as 70 m, but can probably dive much
deeper (Miyazaki and Perrin 1994). This species often associates with other small cetaceans. Off
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Puerto Rico and the Virgin Islands, rough-toothed dolphins have been sighted in association with
humpback whales (Mignucci-Giannoni 1998). At least in the eastern tropical Pacific, rough-toothed
dolphins tend to associate with floating objects (Jefferson personal communication). Cephalopods
and fish, including large fish such as dorado, are prey (Jefferson et al. 1993; Miyazaki and Perrin
1994).

Acoustics and Hearing—Echolocation clicks of rough-toothed dolphins are in the frequency range of
0.1 to 200 kHz, with a peak of about 25 kHz; whistles have a maximum energy of 2 to 14 kHz
(Miyazaki and Perrin 1994). There is no information on hearing ability of this species.

+ Common Bottlenose Dolphin (Tursiops truncatus)

Description—Bottlenose dolphins (genus Tursiops) are large, relatively robust dolphins that vary in
color from light gray to charcoal. Tursiops is named for its short, stocky snout that is distinctively set
off from the melon by a crease (Jefferson et al. 1993). There is striking regional variation in body size;
adult body length ranges from 1.9 to 3.8 m (Jefferson et al. 1993).

The taxonomy of the bottlenose dolphin continues to be in flux. Two species of Tursiops are currently
recognized, the common bottlenose dolphin and the Indo-Pacific bottlenose dolphin (Tursiops
aduncus) (Rice 1998; IWC 2001), with more likely to be recognized with more genetic analyses. The
Indo-Pacific bottlenose dolphin is found in the tropical Indo-Pacific, while all other bottlenose dolphins
including those found in the western North Atlantic are considered to be the common bottlenose
dolphin. Hereafter, the bottlenose dolphin refers to the common bottlenose dolphin. Scientists
currently recognize a nearshore (coastal) and an offshore form of the bottlenose dolphin, which may
be distinguished by external morphology, hematology, cranial morphology, diet, and parasite load
(Duffield et al. 1983; Hersh and Duffield 1990; Mead and Potter 1995). There is a clear genetic
distinction between the nearshore and offshore form of the bottlenose dolphin in the western North
Atlantic (Curry and Smith 1997; Hoelzel et al. 1998; Rosel and Bero 2001).

Status—There are no abundance estimates for this species for the Caribbean. An estimated 314
bottlenose dolphins use the southwest coast of Puerto Rico (Rodriguez Ferrer 2001). There is no
information available on stock differentiation for this area.

Habitat Preferences—Bottlenose dolphins in the northeastern Caribbean are reported to occur most
often in waters over the continental shelf (Mignucci-Giannoni 1998). Sightings have been also
recorded in offshore waters of this area (Mignucci-Giannoni 1998; Roden and Mullin 2000; Rodriguez
Ferrer 2001). Coastal and offshore forms are known to occur off the U.S. Atlantic coast and in the
northern Gulf of Mexico (Waring et al. 2002). No studies have been conducted on whether there are
two forms of this species in the Caribbean; however, one individual found stranded in Puerto Rico
was determined to be of the offshore form (Rosel personal communication).

Distribution—The overall range of Tursiops is worldwide in tropical and temperate waters. Tursiops
generally do not range poleward of 45°, except around the United Kingdom and northern Europe
(Jefferson et al. 1993). Climate changes can contribute to range extensions. For example, a 600 km
northward range extension to Monterey Bay (for some bottlenose dolphins known to the San Diego,
California, area) was linked to the 1982 to 1983 EI Nifio event (Wells et al. 1990). Bottlenose dolphins
continue to occur in Monterey Bay.

There are numerous opportunistic records of bottlenose dolphins for the northeastern Caribbean,
including Puerto Rico, the Virgin Islands, and Culebra (Erdman et al. 1973; Mignucci-Giannoni 1989;
Mignucci-Giannoni 1998). However, only one systematic study of bottlenose dolphins has been
conducted around Puerto Rico (Rodriguez Ferrer 2001). The bottlenose dolphin is common year-
round in Puerto Rican waters (Mignucci-Giannoni 1989, 1998), with peak occurrence during the fall
(Rodriguez Ferrer 2001).
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» Information Specific to PROA/St. Croix OPAREA—Bottlenose dolphins are expected from the
coast to the 3,000 m isobath both north and south of Puerto Rico and the Virgin Islands, following
the outline of the Antilles Island Arch (Appendix Figure B-14). This pattern takes into account the
distribution of sighting records, as well as the known habitat preferences of Tursiops globally.
There is a low or unknown occurrence of this species seaward of the area of expected
occurrence to account for the possibility of encountering bottlenose dolphins there (based on
Tursiops distribution in other locales such as the eastern tropical Pacific and off the southeastern
U.S.) and for little dedicated survey effort in the area. There is a concentrated occurrence of
bottlenose dolphins from the coast to outside of the continental shelf break over the upper
continental slope based on the concentration of reported sightings in the PROA/St. Croix
OPAREA and globally. Occurrence patterns are expected to be the same throughout the year.

Behavior and Life History—Tursiops are very gregarious; they are typically found in groups of 2 to
15 individuals, although groups of 100 have been reported (Shane et al. 1986). Mignucci-Giannoni
(1989, 1998) reported a mean group size of 7.8 individuals in the waters of Puerto Rico and the Virgin
Islands. Based on photo-identification techniques using dorsal fin shapes and markings (Wirsig and
Wirsig 1977), it is well known that Tursiops has a fluid social organization (Connor et al. 2000).
Tursiops are often associated with other cetaceans (Baird et al. 1993a). Habitat structure, in terms of
complexity and water depth, is generally a major force that shapes Tursiops groupings (Shane et al.
1986). Shallow-water areas typically have smaller group sizes than open or oceanic areas. Open
coastlines, however, differ in habitat structure and prey distribution from more protected areas.
Protected areas have been found to foster relatively small school sizes, some degree of regional site
fidelity, and limited movement patterns (Wells et al. 1987). In contrast, semi-open habitats often
sustain larger school sizes, diminished levels of site fidelity, and more expansive home ranges
(Defran and Weller 1999).

Little is known of the behavior or ranging patterns of offshore bottlenose dolphins. The range of
offshore bottlenose dolphins may include waters beyond the continental slope (Wells et al. 1999).
Wells et al. (1999) even found that offshore bottlenose dolphins may move between the Atlantic and
the Gulf of Mexico. Nearshore dolphins exhibit a full spectrum of movements, including seasonal
migrations, year-round home ranges, periodic residency, and a combination of occasional long-range
movements and repeated local residency (Wells and Scott 1999).

Along the Atlantic coast of the U.S., male and female bottlenose dolphins reach physical maturity at
13 years, with females reaching sexual maturity as early as 7 years (Mead and Potter 1990).
Bottlenose dolphins are flexible in their timing of reproduction. Seasons of birth for bottlenose dolphin
populations are likely responses to seasonal patterns of availability of local resources (Urian et al.
1996). For the same central U.S. Atlantic coast areas, Hohn (1980) reported one (spring) and
possibly two calving seasons (spring, fall), whereas Mead and Potter (1990) reported a prolonged
calving season with a spring peak. Rodriguez Ferrer (2001) reported a calving peak in mid-summer
(July through August) in Puerto Rican waters. There is a gestation period of one year (Caldwell and
Caldwell 1972). Calves of bottlenose dolphins typically remain with their mothers for 3 to 6 years
(Wells et al. 1987).

Tursiops are opportunistic feeders that use a wide variety of feeding strategies, taking a wide variety
of fishes, cephalopods, and shrimps (Shane 1990; Wells and Scott 1999). Barros and Myrberg (1987)
speculated that bottlenose dolphins might detect and perhaps orient to fish prey by listening for the
sounds they produce. Nearshore bottlenose dolphins prey predominately on coastal fish and
cephalopods; offshore individuals prey on pelagic squid and fish species, especially myctophids
(lanternfishes) (Mead and Potter 1995). Unidentified fish bones and squid (Loligo spp.) were found in
two animals recovered from Puerto Rico and the Virgin Islands whose stomach contents were
documented (Mignucci-Giannoni 1996).

Bottlenose dolphins can reach maximum diving depths of about 390 m, with dive durations of 8 or 9
min; it is very common for them to dive to depths of 200 m, with dive durations of 4 min (Ridgway
1986).
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Acoustics and Hearing—Sounds emitted by bottlenose dolphins have been classified into two broad
categories: pulsed sounds (including clicks and burst-pulses) and narrow-band continuous bands
(whistles), which usually are frequency modulated. Clicks and whistles have a dominant frequency
range of 110 to 130 kHz and a source level of 218 to 228 dB re 1 yPa-m (Au 1993) and 3.5 to 14.5
kHz and 125 to 173 dB re 1 pPa-m, respectively (Ketten 1998). Generally, whistles range in
frequency from 4 to 20 kHz, though Schultz et al. (1995) described whistles with fundamental
frequencies entirely below 2 kHz.

The bottlenose dolphin has a functional high-frequency hearing limit of 160 kHz (Au 1993) and can
hear sounds at frequencies as low as 40 to 125 Hz (Turl 1993). Inner ear anatomy of this species has
been described (Ketten 1992). Electrophysiological experiments suggest that the bottlenose dolphin
brain has a dual analysis system: one specialized for ultrasonic clicks and the other for lower-
frequency sounds, such as whistles (Ridgway 2000). The audiogram of the bottlenose dolphin shows
that the lowest thresholds occurred near 50 kHz at a level around 45 dB re 1 yPa-m, with 10 dB-down
bandwidth extending from 15 to 110 kHz (Nachtigall et al. 2000). Below the frequency region of
maximum sensitivity, thresholds increased continuously up to a level of 137 dB at 75 Hz. Above 50
kHz, thresholds increased slowly up to a level of 55 dB at 100 kHz, then increased rapidly above this
to about 135 dB at 150 kHz. Scientists have reported a range of best sensitivity between 25 and 70
kHz, with peaks in sensitivity occurring at 25 and 50 kHz at levels of 47 and 46 dB re 1 yPa-m
(Nachtigall et al. 2000). Richardson (1995) noted that the differences between the reported
audiograms for these two studies might be attributable in part to tank problems. A neurophysiological
method was used to determine the high-frequency audiograms (5 to 200 kHz) of five bottlenose
dolphins (Richardson 1995). Temporary threshold shifts (TTS) in hearing have been experimentally
induced in captive bottlenose dolphins (Ridgway et al. 1997). Changes in behavior were observed at
the following minimum levels for 1 sec tones: 186 dB at 3 kHz, 181 dB at 20 kHz, and 178 dB at 75
kHz. TTS levels were 194 to 201 dB at 3 kHz, 193 to 196 dB at 20 kHz, and 192 to 194 dB at 75 kHz.

+ Pantropical Spotted Dolphin (Stenella attenuata)

Description—The pantropical spotted dolphin is a generally slender dolphin. This species has a dark
dorsal cape, while the lower sides and belly are gray in adults (Perrin and Hohn 1994). The beak is
long and thin; the lips and beak tip tend to be bright white (Jefferson et al. 1993). A dark gray band
encircles each eye and continues forward to the apex of the melon; there also is a dark gape-to-
flipper stripe (Jefferson et al. 1993). Adults are up to 2.6 m in length (Jefferson et al. 1993). Spotted
dolphins are born spotless and develop spots as they age (Perrin and Hohn 1994).

Status—There are no abundance estimates for this species in the Caribbean.

Habitat Preferences—In the eastern Pacific, the pantropical spotted dolphin is found most often in
waters underlain by a sharp thermocline at depths of less than 50 m and with water temperatures
over 25°C and salinities less than 34 practical salinity units (psu) (Au and Perryman 1985).
Pantropical spotted dolphins in the Gulf of Mexico do not appear to have a preference for any one
habitat (within the Loop Current, inside a cold-core eddy, or along the continental slope)
(Baumgartner et al. 2001).

Distribution—The pantropical spotted dolphin is distributed in tropical and subtropical waters
worldwide (Perrin and Hohn 1994). Most sightings of this species in the Gulf of Mexico occur over the
lower continental slope (Davis et al. 1998).

Caldwell et al. (1971) reported on catches of spotted dolphin at the Lesser Antillean island of St.
Vincent. From photographs in Caldwell et al. (1971), these animals have since been re-identified as
pantropical spotted dolphins (Jefferson personal communication).

» Information Specific to PROA/St. Croix OPAREA—The pantropical spotted dolphin is an oceanic
species (Jefferson et al. 1993). Based on the known habitat preferences of the pantropical
spotted dolphin, this species is expected to occur from the shelf break to the 3,000 m isobath
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both north and south of Puerto Rico and the Virgin Islands, following the outline of the Antilles
Island Arch (Appendix Figure B-15). There is a low or unknown occurrence of the pantropical
spotted dolphin in waters seaward of the area of expected occurrence, based on the low
dedicated survey effort in this OPAREA. Pantropical spotted dolphin occurrence in the PROA/St.
Croix OPAREA is assumed to be the same throughout the year.

Behavior and Life History—Group size for the pantropical spotted dolphin may range from just a
few dolphins to several thousand (Jefferson et al. 1993). Observations of dolphin groups caught in
tuna purse seines in the eastern tropical Pacific show that there are subgroups containing mother/calf
pairs, adult males, or juveniles (Pryor and Shallenberger 1991). In the eastern tropical Pacific, where
this species has been best studied, there are two calving peaks—one in spring and one in fall (Perrin
and Hohn 1994). Pantropical spotted dolphins prey on epipelagic fish, squid, and crustaceans, with
some take of mesopelagic animals (Perrin and Hohn 1994). Results from various tracking and food
habit studies suggest that pantropical spotted dolphins in the eastern tropical Pacific and off Hawaii
feed primarily at night on epipelagic species and on mesopelagic species which rise towards the
water's surface after dark (Robertson and Chivers 1997; Scott and Cattanach 1998; Baird et al.
2001). Dives during the day generally are shorter and shallower than dives at night; rates of descent
and ascent are higher at night than during the day (Baird et al. 2001). Similar mean dive durations
and depths have been obtained for tagged pantropical spotted dolphins in the eastern tropical Pacific
and off Hawaii (Baird et al. 2001).

Acoustics and Hearing—Pantropical spotted dolphin whistles have a dominant frequency range of
6.7 to 17.8 kHz (Ketten 1998). No information is available on the hearing capability of this species.
Anatomy of the ear of this species has been studied (Ketten 1992, 1997).

+ Atlantic Spotted Dolphin (Stenella frontalis)

Description—The Atlantic spotted dolphin tends to resemble the bottlenose dolphin more than it
does the pantropical spotted dolphin (Jefferson et al. 1993). In body shape, it is somewhat
intermediate between the two, with a moderately long but rather thick beak. Adults are up to 2.3 m
long and 143 kilograms (kg) in weight (Jefferson et al. 1993). There is marked regional variation in
adult body size and spotting of the Atlantic spotted dolphin (Perrin et al. 1987; Perrin 2002). There are
two forms: a robust, heavily spotted form that inhabits the continental shelf, usually found within 250
to 350 km of the coast, and a smaller, less-spotted form that inhabits offshore waters (Perrin et al.
1994a). The largest body size is exhibited by Atlantic spotted dolphins occurring in waters over the
continental shelf of North America (U.S. east coast, Gulf of Mexico, and Central America) (Perrin
2002). The smallest Atlantic spotted dolphins are those around oceanic islands such as the Azores
and on the high seas in the western North Atlantic. Animals from the offshore Caribbean are
intermediate in size and degree of spotting between continental and oceanic forms.

Spotted dolphins are born spotless and develop spots as they age (Perrin et al. 1994a). Some
Atlantic spotted dolphin individuals become so heavily spotted that the dark cape and spinal blaze are
difficult to see.

Status—There are no abundance estimates for this species for the Caribbean.

Habitat Preferences—The large, heavily spotted coastal form of the Atlantic spotted dolphin typically
occurs over the continental shelf inside or near the 185 m isobath, usually at least 8 to 20 km offshore
(Perrin 2002). In the Gulf of Mexico, this species appears to prefer shallow water with a gently sloping
bottom typical of the Gulf of Mexico continental shelf, although it may also occur along the shelf break
and upper continental slope (Davis et al. 1998).

Distribution—The Atlantic spotted dolphin, as its name suggests, is endemic to the tropical and
warm-temperate Atlantic, from approximately 45°N to approximately 35°S in the west, and to the
coast of Africa from Mauritania south to at least Gabon in the east (Perrin 2002). This species is
typically seen on the continental shelf throughout its distribution (Perrin et al. 1994a; Davis et al.
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1998; Mignucci-Giannoni 1998); however, there are often sightings beyond the shelf break in the
Caribbean, Gulf of Mexico, and off the Atlantic U.S. coast (Mills and Rademacher 1996; Roden and
Mullin 2000). As noted by Perrin et al. (1987), the distribution of the Atlantic spotted dolphin in the
Caribbean is poorly known. Mass strandings of Atlantic spotted dolphins occurred on St. John in
September 1970 and October 1994 (Rodriguez-Lopez et al. 1995).

» Information Specific to PROA/St. Croix OPAREA—The Atlantic spotted dolphin may occur in both
shelf and offshore waters (Perrin et al. 1994a). The Atlantic spotted dolphin is expected to occur
from the coastline to the 3,000 m isobath to the north and south of Puerto Rico, following the
outline of the Antilles Island Arch (Figure B-16). The Atlantic spotted dolphin typically occurs on
the continental shelf, which is supported by the sightings on the shelf. There are also sightings
seaward of the continental shelf break, which may be a reflection of the “oceanic island” form.
There is a low or unknown occurrence of the Atlantic spotted dolphin in waters seaward of the
area of expected occurrence. This takes into account the reported sightings of spotted dolphins
identified to be Atlantic spotted dolphins, but which could be misidentified pantropical spotted
dolphins. The latter is an oceanic species, sighted more often in waters seaward of the shelf
break than the former species. Atlantic spotted dolphin occurrence in the PROA/St. Croix
OPAREA is assumed to be the same throughout the year.

Behavior and Life History—Atlantic spotted dolphins are found in small to moderate groups of
generally less than 50 individuals (Jefferson et al. 1993). Very little is known about the life history of
this species (Perrin et al. 1994a). A satellite-tagged Atlantic spotted dolphin was found to prefer
shallow-water habitat and make short, shallow dives on the continental shelf of the Gulf of Mexico
(Davis et al. 1996). This species feeds on small cephalopods, fish, and benthic invertebrates (Perrin
et al. 1994a). Stomach contents of three Atlantic spotted dolphins that stranded in Puerto Rico
consisted of squid beaks from lllex sp. (Mignucci-Giannoni 1996).

Acoustics and Hearing—\Whistles, clicks, squawks, barks, growls, and chirps have been recorded
for the Atlantic spotted dolphin (Thomson and Richardson 1995). Whistles have dominant frequencies
ranging from 6.7 to 17.8 kHz. Clicks have a frequency range of 1 to 8 kHz, squawks have a range of
0.1 to 3 kHz, and chirps have a range of 4 to 8 kHz. There are no hearing data for this species.

+ Spinner Dolphin (Stenella longirostris)

Description—This is a slender dolphin that has a very long, slender beak (Jefferson et al. 1993). The
dorsal fin ranges from slightly falcate to triangular. The spinner dolphin generally has a dark eye-to-
flipper stripe and dark lips and beak tip (Jefferson et al. 1993). This species has a three-part color
pattern (dark gray cape, light gray sides, and white belly). Adults can reach 2.4 m in length (Jefferson
et al. 1993).

Status—There are no abundance estimates for this species in the Caribbean.

Habitat Preferences—Distribution of this species in the Gulf of Mexico and off the northeastern U.S.
coast has occurred primarily in deeper waters (bottom depth greater than 2,000 m) (CETAP 1982;
Davis et al. 1998). However, in most tropical waters, populations of spinner dolphins are known to
occur near many oceanic atolls, reefs, and islands (Perrin and Gilpatrick 1994; Wells and Norris
1994; Poole 1995), where deep waters are close to shore. Mignucci-Giannoni (1998) reported that
73% of spinner dolphin sightings in the northeastern Caribbean were in continental shelf waters.
Spinner dolphins in the Hawaiian Islands, off the island of Moorea, French Polynesia, and at
Fernando de Noronha Island off northern Brazil are known to use sheltered shallow bays for resting
areas during the day and move offshore into deeper waters to engage in nighttime feeding activities,
feeding on the deep-scattering layer (Lodi and Fiori 1987; Perrin and Gilpatrick 1994; Wells and
Norris 1994). In the eastern tropical Pacific, spinner dolphins are found in a habitat typified by unusual
conditions of shallow mixed layer, shoal and sharp thermocline, and a relatively small annual variation
in surface temperature (Au and Perryman 1985).
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Distribution—The spinner dolphin is found in tropical and subtropical waters worldwide. Limits are
near 40°N and 40°S (Jefferson et al. 1993). Spinner dolphins have been reported for various
locations in the northeastern Caribbean (Mignucci-Giannoni 1998). Caldwell et al. (1971) reported
spinner dolphin catches in the small cetacean fishery at the Lesser Antillean island of St. Vincent.

» Information Specific to PROA/St. Croix OPAREA—Based on the known habitat preferences of
the spinner dolphin near oceanic islands, this species is expected to be found from the coast to
the 3,000 m isobath to the north and south of Puerto Rico and the Virgin Islands, following the
outline of the Antilles Island Arch (Figure B-17). Spinner dolphin sightings are concentrated in
shallow waters to the 1,000 m isobath. There is a low or unknown occurrence of this species
seaward of the 3,000 m isobath (Figure B-17). This takes into account the possibility of
encountering this species in deeper waters, since it is considered to be an oceanic species, as
well as the low survey effort in these waters.

Behavior and Life History—Group sizes range from less than 50 up to several thousand individuals
(Jefferson et al. 1993). A Hawaiian population of spinner dolphins was studied for more than 20 years
(Norris et al. 1994). Social groupings in this species are very fluid. Large groups form, break down,
and re-form with different subgroups throughout the day. In the offshore eastern tropical Pacific, there
is some segregation by age and sex among dolphin groups (Perrin and Gilpatrick 1994). Calving
peaks in different populations range from late spring to fall (Jefferson et al. 1993). Spinner dolphins
feed primarily on small mesopelagic fishes, squids, and sergestid shrimps, diving to at least 200 to
300 m (Perrin and Gilpatrick 1994). Many of these organisms become available to spinner dolphins
when the deep scattering layer moves toward the surface at night. Feces and vomit of spinner
dolphins has been observed to be a food source for some reef fishes (Silva-Jr. et al. 2001).

In the eastern tropical Pacific, spinner dolphins are often seen with pantropical spotted dolphins
(Perrin and Gilpatrick 1994). Spinner dolphins in the Atlantic occasionally have been sighted and
found stranded in association with Clymene dolphins (Fertl et al. 2001) and pantropical spotted
dolphins (Jefferson and Lynn 1994).

Acoustics and Hearing—Pulses, whistles, and clicks have been recorded from this species. Pulses
and whistles have dominant frequency ranges of 5 to 60 kHz and 8 to 12 kHz, respectively (Ketten
1998). Clicks have a dominant frequency of 60 kHz (Ketten 1998). There are no hearing data
available for this species.

+ Striped Dolphin (Stenella coeruleoalba)

Description—The striped dolphin is uniquely marked with black lateral stripes from eye to flipper and
eye to anus. There is also a white V-shaped “shoulder blaze” originating above and behind the eye
and narrowing to a point below and behind the dorsal fin (Leatherwood and Reeves 1983). This is a
relatively robust dolphin reaching 2.6 m in length (Jefferson et al. 1993).

Status—There are no abundance estimates for this species in the Caribbean.

Habitat Preferences—Striped dolphins are usually found beyond the continental shelf, typically over
the continental slope out to oceanic waters, often associated with convergence zones and waters
influenced by upwelling (Au and Perryman 1985). In the eastern Pacific, striped dolphins inhabit
areas with large seasonal changes in surface temperature and thermocline depth (Au and Perryman
1985).

Distribution—The striped dolphin has a worldwide distribution in cool-temperate to tropical waters.
Striped dolphins in the western North Atlantic range from Nova Scotia to at least Jamaica and the
Gulf of Mexico. For the Caribbean, there are a few sighting and stranding records (van Bree 1975;
Jefferson and Lynn 1994; Debrot et al. 1998; Mignucci-Giannoni 1996; Roden and Mullin 2000).
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> Information Specific to PROA/St. Croix OPAREA—There is a low or unknown occurrence of the
striped dolphin in the PROA/St. Croix OPAREA throughout the year outside of the continental
shelf break (Figure B-18). There is little empirical data on the occurrence of striped dolphins in
this area. In tropical areas, this species is usually found in waters influenced by upwelling (Au and
Perryman 1985; Jefferson personal communication). While striped dolphins are generally more
abundant in upwelled areas, the regions of their high-density occurrence tend to be sporadic in
distribution (Jefferson personal communication). Without more sighting data obtained from this
OPAREA, it is unknown if this species would occur in high densities anywhere in the region.

Behavior and Life History—Striped dolphins are found in groups numbering between 100 and 500
individuals, though sometimes in the thousands. Striped dolphins have been found in association with
seabirds and other species of marine mammals (Baird et al. 1993b).

Life history information is based mostly on western North Pacific specimens (Archer and Perrin 1999).
Males enter sexual maturity between 7 and 15 years of age, at an average body length of 2.2 m.
Females become sexually mature between 5 and 13 years of age. Off Japan, where the biology has
been best studied, there are two calving peaks: one in summer, another in winter (Perrin et al.
1994b).

Striped dolphins often feed in pelagic or benthopelagic zones along or seaward of the continental
slope. The majority of the prey has luminescent organs, suggesting that striped dolphins may be
feeding at great depths, possibly diving to 200 to 700 m to reach potential prey (Archer and Perrin
1999). Striped dolphins may feed at night in order to take advantage of the deep scattering layer's
diurnal vertical movements. Small, mid-water fishes (in particular, myctophids or lanternfish) and
squids are the dominant prey (Perrin et al. 1994Db).

Acoustics and Hearing—Striped dolphin whistles range from 6 to 24+ kHz, with dominant
frequencies ranging from 8 to 12.5 kHz (Thomson and Richardson 1995). The range of best hearing
for the striped dolphin was determined to be 32 to 120 kHz (Kastelein et al. 2001).

+ Clymene Dolphin (Stenella clymene)

Description—The Clymene dolphin is easily confused with the spinner dolphin, due to its similar
appearance. The Clymene dolphin, however, is smaller and more robust, with a much shorter and
stockier beak. A three-part color pattern, a dark gray cape, light gray sides, and white belly, is
characteristic of this species (Jefferson et al. 1993). The cape dips in two places, above the eye and
below the dorsal fin. The lips and beak tip are black. There is also a dark stripe on the top of the
beak, as well as a dark “moustache” on the middle of the top of the beak (Jefferson et al. 1993).
Clymene dolphins reach at least 2.0 m in length, with weights of at least 85 kg (Jefferson et al. 1993).

Observations and descriptions of oceanic tropical dolphins of the genera Stenella and Delphinus in
this region prior to 1981 may be unreliable due to the lack of recognized species status for the
Clymene dolphin until that time, which may have led to misidentifications (Perrin et al. 1981; Mullin et
al. 1994a).

Status—There are no abundance estimates for this species in the Caribbean.

Habitat Preferences—Clymene dolphins have been primarily sighted in deep water. In the Gulf of
Mexico, where the most information for this species is available, Clymene dolphins are typically found
in deep waters with a mean bottom depth of over 2,000 m (Mullin et al. 1994a; Fertl et al. 2001). In a
study of habitat preferences in the Gulf of Mexico, Clymene dolphins were found more often on the
lower slope and deepwater regions in areas of cyclonic or confluence circulation (Davis et al. 2002).

Distribution—The Clymene dolphin is known only from the tropical and subtropical Atlantic. There
have been many reported sightings of this species in the Gulf of Mexico. Groups of Clymene dolphins
have been observed around the Lesser Antillean island of St. Vincent (Watkins and Moore 1982), and
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catches in that island’s small cetacean fishery have been recorded (Perrin and Mead 1994). As noted
by Perrin and Mead (1994), the Clymene dolphin can be expected throughout the Caribbean.
However, this species has not yet been reported off Puerto Rico.

» Information Specific to PROA/St. Croix OPAREA—While this species is known to occur in the
Caribbean, there are currently no records of this species for the PROA/St. Croix OPAREA. As a
tropical species, this species might be found in this area throughout the year. The Clymene
dolphin is most often sighted in deep waters. Therefore, there is a low or unknown occurrence of
the Clymene dolphin seaward of the continental shelf break throughout the year (Figure B-19).

Behavior and Life History—\ery little is known about the Clymene dolphin (Jefferson 2002b); much
of the information comes from the northern Gulf of Mexico (Jefferson et al. 1995). Sexual maturity
appears to be reached by the length of 1.8 m (Jefferson 1996). Mean reported group size is 131
individuals (range is from several to 1,000 individuals) (Fertl et al. 2001). Clymene dolphins are
known to associate with other dolphin species, such as spinner dolphins. Available information on
feeding habits is limited to the stomach contents of two individuals and one observation of free-
ranging dolphins; Clymene dolphins feed on small fish and squid (Perrin et al. 1981; Fertl et al. 1997).

Acoustics and Hearing—The only available information on Clymene dolphin acoustics is regarding
their whistles (Mullin et al. 1994a). The structure of Clymene whistles is similar to that of other
species of the genus Stenella but generally with higher frequencies (6.3 to 19.2 kHz). There are no
data on the hearing capability of this species.

+ Common Dolphins (Delphinus spp.)

Description—There are two species in the genus Delphinus: the long-beaked common dolphin
(Delphinus capensis) and the short-beaked common dolphin (Delphinus delphis) (Heyning and Perrin
1994; Rosel et al. 1994). Common dolphins are moderately slender animals with a medium to long
beak and a tall, slightly falcate dorsal fin. Common dolphins are distinctively marked, having a V-
shaped dark saddle that produces an hourglass pattern on the side of the body (Jefferson et al.
1993). The back is a dark, brownish gray; the belly is white; and the anterior flank patch is tan to
cream in color. The lips are dark and there is a stripe running from the apex of the melon to encircle
the eye. There is also a black to dark gray chin-to-flipper stripe, which may encompass the gape in
long-beaked animals. Adults can reach lengths of up to 2.6 m (Jefferson et al. 1993).

Status—There are no abundance estimates for common dolphins in the Caribbean.

Habitat Preferences—Common dolphins occupy a wide range of habitats including waters over the
continental shelf, along the continental shelf break, and over prominent underwater topography (e.g.,
mid-Atlantic Ridge and seamounts) (Hui 1979; Evans 1994). Common dolphins in some populations
appear to preferentially travel along bottom topographic features such as escarpments and
seamounts (Evans 1994). In tropical regions, where common dolphins are routinely sighted, they are
found in upwelling-modified waters (Au and Perryman 1985; Ballance and Pitman 1998).

Distribution—Delphinus is a widely distributed genus of cetacean. It is found worldwide in
temperate, tropical, and subtropical seas. Records of the short-beaked common dolphin from the
western North Atlantic range from at least Florida to Newfoundland (Heyning and Perrin 1994). The
long-beaked common dolphin is known from the coast of eastern South America, from Venezuela to
northern Argentina (Heyning and Perrin 1994).

There are only sighting records (no strandings) for Delphinus off Puerto Rico and the Virgin Islands
(Mignucci-Giannoni 1989). Caribbean Sea Delphinus sightings without photographic records should
be viewed with caution (Roden and Mullin 2000; Jefferson personal communication). For example, all
reports of Delphinus spp. from the Gulf of Mexico were actually misidentified Clymene and spinner
dolphins (Jefferson and Schiro 1997). Evans (1994) additionally noted that pantropical spotted
dolphins could be misidentified as common dolphins.
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> Information Specific to PROA/St. Croix OPAREA—There is a low or unknown occurrence of
common dolphins throughout the year from the coast to the 3,000 m isobath north and south of
Puerto Rico and the Virgin Islands, following the outline of the Antilles Island Arch (Figure B-20).
Globally, the common dolphin occurs over the continental shelf and into deeper waters.

None of the records for the PROA/St. Croix OPAREA are verifiable, since no photographs or
detailed descriptions are available. These records should be considered suspect (Jefferson
personal communication; Roden and Mullin 2000). It would not be unreasonable to consider the
possibility that these reported sightings of common dolphins might actually be misidentified
Clymene dolphins. The common dolphin sightings were made prior to 1981, before the Clymene
dolphin was verified as its own species. In tropical regions, common dolphins are found routinely
in upwelling-modified waters (Au and Perryman 1985; Ballance and Pitman 1998). Additionally, in
the three NMFS surveys that have taken place since 1995, there have been no sightings of the
common dolphin. Another possibility for the sightings is some anomaly in oceanographic
conditions. There is sparse survey effort in this area, so it is difficult to determine the cause for
this distributional variability or anomaly. If these are indeed common dolphins, perhaps there was
some concentrated prey occurrence in the area at the time of the sightings.

Behavior and Life History—Group size ranges from several dozen to over 10,000 (Jefferson et al.
1993). Common dolphins are fast-moving swimmers, active bowriders, and often jump in the air.
Calving peaks differ from stock to stock. Calving peaks in spring and autumn, or spring and summer,
have been reported (Jefferson et al. 1993). Delphinus feed on a wide variety of epipelagic and
mesopelagic schooling fishes and squids in the deep scattering layer. Common dolphins feed
opportunistically on those species most abundant locally and change their diet according to
fluctuations in the abundance and availability of prey (Young and Cockcroft 1994). Based on a small
sample size from the eastern North Pacific, the short-beaked common dolphin may feed more
extensively on squid than the long-beaked form (Heyning and Perrin 1994). Diel fluctuations in vocal
activity of this species (more vocal activity during late evening and early morning) appear to be linked
to feeding on the deep scattering layer as it rises during the same time (Goold 2000).

Acoustics and Hearing—Recorded Delphinus vocalizations include whistles, chirps, barks, and
clicks (Ketten 1998). Clicks and whistles have dominant frequency ranges of 23 to 67 kHz and 0.5 to
18 kHz, respectively (Ketten 1998). Popov and Klishin (1998) recorded auditory brainstem responses
from a common dolphin. The audiogram was U-shaped with a steeper high-frequency branch. The
audiogram bandwidth was up to 128 kHz at a level of 100 dB above the minimum threshold. The
minimum thresholds were observed at frequencies of 60 to 70 kHz.

+ Fraser's Dolphin (Lagenodelphis hosei)

Description—Fraser's dolphin reaches a maximum length of 2.7 m and is generally more robust than
other small delphinids (Jefferson et al. 1993). This species has a short beak, small flippers, and a
subtriangular dorsal fin. The most conspicuous feature of the Fraser's dolphin coloration is the dark
band running from the face to the anus in some individuals (Jefferson et al. 1993), although it is not
present in younger animals (Jefferson personal communication). The stripe is set off from the
surrounding areas by thin, pale, cream-colored borders. There is also a dark chin-to-flipper stripe.

Status—There are no abundance estimates for this species in the Caribbean.

Habitat Preferences—This is an oceanic species. In the Gulf of Mexico, this species has been seen
in waters out over the abyssal plain (Jefferson personal communication). In the offshore eastern
tropical Pacific, this species is distributed mainly in upwelling-modified waters (Au and Perryman
1985).

Distribution—Fraser's dolphin is found in tropical waters around the world, typically between 30°N
and 30°S (Jefferson et al. 1993). Strandings in temperate areas are considered extralimital and
usually are associated with anomalously warm-water temperatures (Perrin et al. 1994c). There are
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few records from the Atlantic Ocean, in particular, the Caribbean (Leatherwood et al. 1993). There
are seven records of Fraser’s dolphin for the Caribbean Sea including three individuals taken by the
small cetacean fishery off the Lesser Antillean island of St. Vincent in 1972 and 1976 and two
strandings on Puerto Rico (Caldwell et al. 1976; Watkins et al. 1994; Mignucci-Giannoni et al. 1999c).

» Information Specific to PROA/St. Croix OPAREA—The Fraser’s dolphin is an oceanic species. As
noted earlier, there are few records from the Caribbean for the Fraser’s dolphin. In the Gulf of
Mexico, this species has been seen in waters over the abyssal plain (Leatherwood et al. 1993).
There is, therefore, a low or unknown occurrence of the Fraser’s dolphins from the vicinity of the
continental shelf break to past the boundaries of the OPAREA (Figure B-21). The occurrence is
assumed to be the same for all seasons.

Behavior and Life History—Fraser’'s dolphins are usually seen in large, fast-moving groups. Most
sightings have been of groups ranging between 100 and 1,000 individuals. This species has been
seen in mixed-species aggregations with melon-headed whales in the eastern tropical Pacific and
Gulf of Mexico. Very little is known of the natural history of the Fraser's dolphin, including
reproduction. Available data do not show strong evidence of calving seasonality. Sexual maturity for
both sexes occurs at about 7 years of age in the eastern North Atlantic Ocean (Jefferson and
Leatherwood 1994). Fraser's dolphins feed on mid-water fishes, squids, and shrimps (Caldwell et al.
1976; Jefferson and Leatherwood 1994; Perrin et al. 1994c; Mignucci-Giannoni et al. 1999c). Fraser's
dolphins have been observed feeding on rainbow runner (Elagatis bipinnulatus) off Dominica in the
southeastern Caribbean (Watkins et al. 1994). There is no information available on depths to which
Fraser's dolphins may dive, but they are thought to be capable of deep dives.

Acoustics and Hearing—Fraser's dolphin whistles have a frequency range of 7.6 to 13.4 kHz
(Leatherwood et al. 1993). There are no hearing data for this species.

+ Risso’s Dolphin (Grampus griseus)

Description—Risso’s dolphins are moderately large, robust animals reaching at least 3.8 m in length
(Jefferson et al. 1993). The head is blunt, without a distinct beak, and there is a vertical crease on the
front of the melon. The dorsal fin is tall and falcate. Young Risso’s dolphins range from light gray to
dark brownish gray and are relatively unmarked (Jefferson et al. 1993). Adults range from dark gray
to nearly white and are covered with white scratches and splotches.

Status—There are no abundance estimates for this species for the Caribbean.

Habitat Preferences—A number of studies have noted that Risso’s dolphins are found along the
continental slope (CETAP 1982; Baumgartner 1997; Davis et al. 1998; Kruse et al. 1999). Similarily in
the area of Puerto Rico and the Virgin Islands, Risso's dolphins are distributed in areas of steep
bathymetric slope (Mignucci-Giannoni 1998). Baumgartner (1997) hypothesized that the strong
correlation between Risso’s dolphin distribution and the steeper portions of the upper continental
slope in the Gulf of Mexico is most likely the result of cephalopod distribution in the same area.

Distribution—The Risso’s dolphin is distributed worldwide in tropical and warm-temperate waters,
roughly between 60°N and 60°S latitude, where surface water temperature is usually greater than
10°C (Kruse et al. 1999). Catches in the St. Vincent pilot whale fishery in the Lesser Antilles are the
most southern records for this species in the western North Atlantic (Caldwell et al. 1971).

» Information Specific to PROA/St. Croix OPAREA—RIss0’s dolphins are expected to occur in the
PROA/St. Croix OPAREA from the shelf break to the 3,000 m isobath north and south of Puerto
Rico and the Virgin Islands, following the outline of the Antilles Island Arch (Figure B-22). While
there is a predominance of Risso’s dolphin sightings worldwide in areas with steep bottom
topography, this species is also found in deep oceanic waters, as observed in the Gulf of Mexico
and Charleston-Jacksonville OPAREAs. There is an area of low or unknown occurrence seaward
of the area of expected occurrence, which extends past the boundaries of the PROA/St. Croix
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OPAREA throughout the year. This is based on the low survey effort in those waters and the
possibility of encountering the Risso’s dolphin in those waters. The occurrence of Risso’s
dolphins is assumed to be the same for all four seasons.

There is also a low or unknown occurrence of the Risso’s dolphin from the 30 m isobath to the
shelf break. This takes into account the sporadic sightings in more shallow waters in other areas,
such as the Gulf of Mexico and along the Atlantic U.S. It also considers the possibility that this
species, with a preference for waters with steep bottom topography, might swim into areas where
deep water is close to shore. Leatherwood et al. (1979) and Shane (1994) reported on sightings
of Risso’s dolphins in shallow waters in the northeastern Pacific, including near oceanic islands.
These sites are in areas where the continental shelf is narrow and deep water is closer to the
shore (Leatherwood et al. 1979).

Behavior and Life History—Little is known about the life history of this species. In the North Atlantic,
there appears to be a summer calving peak (Jefferson et al. 1993). Risso’s dolphins are quite social—
groups usually average about 30 individuals, but can range up to over several hundred (Kruse et al.
1999). Risso’s dolphins occur in stable, age- and sex-segregated groups, which interact fluidly with a
larger population. Risso’s dolphins also commonly associate with other cetacean species (CETAP
1982). Risso’s dolphins may remain submerged on dives for 30 min; typical swimming speed is 1.67
to 1.94 m/sec (Kruse et al. 1999). Cephalopods are the primary prey (Clarke 1996).

Acoustics and Hearing—Risso’s dolphin vocalizations include broadband clicks, barks, buzzes,
grunts, chirps, whistles, and simultaneous whistle and burst-pulse sounds (Corkeron and van Parijs
2001). The combined whistle and burst pulse sound appears to be unique to Risso’s dolphin
(Corkeron and van Parijs 2001). Corkeron and van Parijs (2001) recorded five different whistle types,
ranging in frequency from 4 to 22 kHz. Broadband clicks had a frequency range of 6 to greater than
22 kHz. Low-frequency narrowband grunt vocalizations had a frequency range of 0.4 to 0.8 kHz.
Nachtigall et al. (1995) conducted baseline audiometric work. Because of the natural background
noise (the study was conducted in a natural setting), it was not possible to determine peak (or best)
sensitivity in the species. Maximum sensitivity occurred between 8 and 64 kHz. Reported thresholds
were 124 dB at 1.6 kHz, 71.7 dB at 4 kHz, 63.7 dB at 8 kHz, 63.3 dB at 16 kHz, 66.5 dB at 32 kHz,
67.3 dB at 64 kHz, 74.3 dB at 80 kHz, 124.2 dB at 100 kHz, and 122.9 dB at 110 kHz.

+ Melon-headed Whale (Peponocephala electra)

Description—Melon-headed whales at sea closely resemble pygmy killer whales. Melon-headed
whales have pointed flippers and a more triangular head shape than pygmy killer whales (Jefferson et
al. 1993). The body is charcoal gray to black, with unpigmented lips (which often appear light gray,
pink, or white) and a white urogenital patch (Perryman et al. 1994). This species also has a triangular
face “mask” and indistinct cape (which dips much lower below the dorsal fin than that of pygmy killer
whales) (Perryman et al. 1994). Melon-headed whales reach a maximum length of 2.75 m (Jefferson
et al. 1993).

Status—There are no abundance estimates for this species for the Caribbean.

Habitat Preferences—Little information is available on habitat preferences. Most melon-headed
whale sightings in the Gulf of Mexico have been in deep waters, well beyond the edge of the
continental shelf (Mullin et al. 1994b; Davis and Fargion 1996) and waters out over the abyssal plain
(Jefferson personal communication).

Distribution—Melon-headed whales are found worldwide in deep tropical and subtropical waters.
There are very few records for melon-headed whales in the North Atlantic. There are nine records for
melon-headed whales in the Caribbean, including four captures during the small cetacean fishery off
St. Vincent in the Lesser Antilles in 1976 and a stranding in Puerto Rico (Mignucci-Giannoni et al.
1998).
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» Information Specific to PROA/St. Croix OPAREA—Melon-headed whales and pygmy Killer
whales can be difficult to distinguish from one another, and on many occasions, only a
determination of “pygmy Kkiller whale/melon-headed whale” can be made. The predicted
occurrence of both species is considered similar and was therefore combined (Figure B-23).

The pygmy Killer whale is an oceanic species and there are few records of this species in the
OPAREA. In the Gulf of Mexico, this species has been seen in waters out over the abyssal plain
(Jefferson personal communication). There is, therefore, a low or unknown occurrence of the
pygmy killer whale from the vicinity of the continental shelf break to past the boundaries of the
OPAREA (Figure B-23). The occurrence is assumed to be the same for all seasons.

Behavior and Life History—Melon-headed whales are typically found in large groups, ranging
between 150 and 1,500 individuals (Perryman et al. 1994), though Watkins et al. (1997) described
smaller groupings of 10 to 14 individuals. Melon-headed whales are often found in mixed-species
aggregations, commonly with Fraser's dolphins (Jefferson and Barros 1997). Very few data are
available on life history. It is unclear whether there is significant seasonality in calving (Jefferson and
Barros 1997). Females reach sexual maturity at about 11.5 years and males at 16.5 years (Jefferson
and Barros 1997). Melon-headed whales prey on squid, pelagic fishes, and occasionally crustaceans.
Most of the fish and squid families eaten by this species consist of mesopelagic species found in
waters up to 1,500 m deep, suggesting that feeding takes place deep in the water column (Jefferson
and Barros 1997). A melon-headed whale found stranded in Puerto Rico had a few squid beaks and
fish scales in its stomach (Mignucci-Giannoni et al. 1998). An individual stranded on the Lesser
Antillean island of St. Vincent was found to have partially digested fish and squid, cephalopod beaks,
and fish otoliths and bones (Caldwell et al. 1976). There is no information on diving behavior for
melon-headed whales.

Acoustics and Hearing—The only published acoustic information for melon-headed whales is from
the southeastern Caribbean (Watkins et al. 1997). Sounds recorded included whistles and click
sequences. Whistles had dominant frequencies around 8 to 12 kHz; higher-level whistles were
estimated at no more than 155 dB re 1 pyPa-m. Clicks had dominant frequencies of 20 to 40 kHz;
higher-level click bursts were judged to be about 165 dB re 1 yPa-m. No data on hearing ability for
this species are available.

+ Pyamy Killer Whale (Feresa atftenuata)

Description—The pygmy Kkiller whale is often confused with the melon-headed whale and the false
killer whale. Flipper shape is the best distinguishing characteristic—pygmy killer whales have rounded
tips (Jefferson et al. 1993). The body of the pygmy killer whale is somewhat slender, with a rounded
head that has no beak (Jefferson et al. 1993). The color of this species is dark gray to black, with a
prominent narrow cape that dips only slightly below the dorsal fin and a white to light gray ventral
band that widens around the genitals. The lips and snout tip are sometimes white. Pygmy Kkiller
whales reach lengths of up to 2.6 m (Jefferson et al. 1993).

Status—There are no abundance estimates for this species for the Caribbean.

Habitat Preferences—In the northern Gulf of Mexico, this species is found primarily in deeper waters
off the continental shelf (Davis and Fargion 1996) and waters out over the abyssal plain (Jefferson
personal communication).

Distribution—This species has a worldwide distribution in tropical and subtropical waters, generally
not ranging north of 40°N or south of 35°S (Jefferson et al. 1993). There are few records of this
species in the western North Atlantic. There are only three confirmed records of this species in the
Caribbean: a capture of a pygmy killer whale in St. Vincent in the Lesser Antilles in 1969 as part of
the pilot whale fishery which took place there (Caldwell et al. 1971), a mass stranding of five
individuals on Tortola, BVI in September 1995 (Mignucci-Giannoni et al. 1999d), and a stranding on
Puerto Rico (Rodriguez-Lopez and Mignucci-Giannoni 1999).
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» Information Specific to PROA/St. Croix OPAREA—Pygmy killer whales and melon-headed
whales can be difficult to distinguish from one another, and on many occasions, only a
determination of “pygmy killer whale/melon-headed whale” can be made. The occurrence of both
species is considered similar and therefore appears combined in Appendix Figure B-23.

The pygmy killer whale is an oceanic species, and there are few records for this OPAREA. In the
Gulf of Mexico, this species has been seen in waters out over the abyssal plain (Jefferson
personal communication). There is, therefore, a low or unknown occurrence of the pygmy Kkiller
whale from the vicinity of the continental shelf break to past the boundaries of the OPAREA
(Figure B-23). The occurrence is assumed to be the same for all seasons.

Behavior and Life History—Little is known about the reproductive biology of this species. This
species usually forms relatively small herds (Ross and Leatherwood 1994). Pygmy killer whales eat
mostly fish and squid, and sometimes attack other dolphins (Ross and Leatherwood 1994).
Unidentified squid beaks and fish otoliths were found in the stomachs of the pygmy killer whales that
had mass stranded on Tortola, BVI (Mignucci-Giannoni et al. 1999d).

Acoustics and Hearing—The only information available on pygmy killer whale vocalizations is that
they “growl and blat” (Thomson and Richardson 1995). There are no hearing data available for this
species.

+ False Killer Whale (Pseudorca crassidens)

Description—The false killer whale is a large, dark gray to black dolphin with a faint gray patch on
the chest, and sometimes light gray areas on the head (Jefferson et al. 1993). The false killer whale
has a long slender body, a rounded overhanging forehead, and no beak (Jefferson et al. 1993). The
dorsal fin is falcate and slender. The flippers have a characteristic hump on the leading edge—this is
perhaps the best characteristic in distinguishing this species from the other “blackfish” (pygmy Killer,
melon-headed, and pilot whales) (Jefferson et al. 1993). Individuals can attain maximum lengths of
6.1 m (Jefferson et al. 1993).

Status—There are no abundance estimates for this species for the Caribbean.

Habitat Preferences—This species is found primarily in oceanic and offshore areas, though they do
approach close to shore at oceanic islands (Baird 2002). Most sightings in the Gulf of Mexico have
been made in oceanic waters greater than 200 m deep, although there have been sightings in waters
over the continental shelf (Davis and Fargion 1996). Seasonal movements in the western North
Pacific may be related to prey distribution (Odell and McClune 1999). Inshore movements are
occasionally associated with shoreward flooding of warm ocean currents (Stacey et al. 1994).

Distribution—F alse killer whales are found in tropical and temperate waters, generally between 50°S
and 50°N latitude with a few records north of 50°N in the Pacific and the Atlantic (Odell and McClune
1999). False killer whales were included among catches of the St. Vincent pilot whale fishery in the
Lesser Antilles (Caldwell et al. 1971).

> Information Specific to PROA/St. Croix OPAREA—There is a low or unknown occurrence of false
killer whales throughout the PROA/St. Croix OPAREA during all seasons (Figure B-24). The false
killer whale is an oceanic species, occurring in deep waters, and is known to occur close to shore
near oceanic islands (Baird 2002). This is likely due to the occurrence of deep water very close to
shore near oceanic islands. There are few confirmed sightings of this species in and around the
PROA/St. Croix OPAREA (Figure B-24).

Behavior and Life History—This species may occur in large groups (group sizes as large as 300
have been reported) (Brown et al. 1966). Reported traveling speeds are 3 to 6 kn and as high as 10
kn (reviewed in Odell and McClune 1999). There is little information on swimming and diving behavior
of this species; they have a maximum known dive depth at about 500 m (Odell and McClune 1999).
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No seasonality in breeding is known for the false killer whale (Jefferson et al. 1993). False Kkiller
whales primarily eat deep-sea cephalopods and fish (Odell and McClune 1999), but they have been
known to attack other toothed whales (Perryman and Foster 1980; Stacey and Baird 1991), including
sperm whales (Palacios and Mate 1996) and baleen whales (Jefferson personal communication).
False killer whales in many different regions are known to take tuna from longlines (Mitchell 1975).

Acoustics and Hearing—The dominant frequencies of false killer whale whistles are 4 to 9.5 kHz;
those of their clicks are 25 to 30 kHz and 95 to 130 kHz (Thomas et al. 1990; Thomson and
Richardson 1995). The source level is 220 to 228 dB re 1 yPa-m (Ketten 1998). Best hearing
sensitivity measured for a false killer whale was around 16 to 64 kHz (Thomas et al. 1988, 1990).

+ Killer Whale (Orcinus orca)

Description—The black-and-white color pattern of the killer whale is striking, as is the tall, erect
dorsal fin of the adult male (1.0 to 1.8 m in height) (Jefferson et al. 1993). The white oval eye patch
and variably shaped saddle patch, in conjunction with the shape and notches in the dorsal fin, help in
identifying individuals. The killer whale has a blunt head and large, oval flippers. Females may reach
7.7 min length and males 9.0 m (Dahlheim and Heyning 1999).

Status—There are no abundance estimates for this species for the Caribbean.

Habitat Preferences—Killer whales can be found in the open sea, as well as in coastal areas
(Dahlheim and Heyning 1999). In coastal areas, killer whales often enter shallow bays, estuaries, and
river mouths (Leatherwood et al. 1976). Killer whales off Puerto Rico and the Virgin Islands are found
in both shelf and offshore waters (Mignucci-Giannoni 1998). Killer whales were observed
approximately 54% of the time over the continental shelf, in areas of low sea floor relief (Mignucci-
Giannoni 1998). In other regions of the western North Atlantic, the reported concentration of sightings
is along the shelf break and farther offshore (Katona et al. 1988; Mitchell and Reeves 1988; Reeves
and Mitchell 1988; O’Sullivan and Mullin 1997).

Distribution—This is a cosmopolitan species found throughout all oceans and contiguous seas, from
equatorial regions to the polar pack-ice zones. Though found in tropical waters and the open ocean,
killer whales as a species are most numerous in coastal waters and higher latitudes (Dahlheim and
Heyning 1999). Ford (2002) noted that this species has a sporadic occurrence in most regions.
Regular occurrence in the western North Atlantic year-round is in the area south of 35°N (Katona et
al. 1988).

» Information Specific to PROA/St. Croix OPAREA—There is a low or unknown occurrence of Killer
whales from the coast to the 3,000 m isobath north and south of Puerto Rico and the Virgin
Islands, following the outline of the Antilles Island Arch (Figure B-25). There are very few
sightings of killer whales in the PROA/St. Croix OPAREA (Figure B-25). Erdman (1970) reported
that killer whales were sighted twice off St. Thomas, USVI (no dates were provided to establish
seasonal occurrence) and one sighting of an attack of killer whales on a “large whale” southeast
of Culebra. Killer whale occurrence in the PROA/St. Croix OPAREA is assumed to be similar
year-round.

Behavior and Life History—In all areas where longitudinal studies have been carried out, evidence
suggests that there are long-term associations between individuals and limited dispersal from
maternal groups (Baird 2000). Killer whales off Puerto Rico and the Virgin Islands have been
observed in groups numbering from one to 25 individuals, with the mean group size being 7.7
individuals (Mignucci-Giannoni 1998). There is no published information on killer whale reproductive
behavior in the western North Atlantic.

Killer whales feed on bony fishes, elasmobranchs, cephalopods, seabirds, sea turtles, and other
marine mammals (Katona et al. 1988; Jefferson et al. 1991; Fertl et al. 1996). Killer whales use
passive listening as a primary means of locating prey and use different echolocation patterns for
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different hunting strategies (Barrett-Lennard et al. 1996). For example, they mask their clicks and
encode their signals in background noise when hunting other cetaceans, prey that can hear their
high-frequency clicks. In contrast, killer whales do not mask their high-frequency signals when
hunting fish that do not hear in this frequency range. Killer whales in the Caribbean have been
observed attacking large and small whales, as well as dolphins, off Culebra and between St. Thomas,
USVI and St. Croix, USVI (Erdman 1970; Mignucci-Giannoni 1998). Three killer whales taken off St.
Vincent in the Lesser Antilles were found to have leatherback sea turtle remains in their stomachs
(Caldwell and Caldwell 1969).

The maximum-recorded depth for a killer whale diving off British Columbia was 173 m; a trained killer
whale dove to a maximum of 260 m (Dahlheim and Heyning 1999). The longest recorded dive from a
radio-tagged killer whale was 17 min.

Acoustics and Hearing—The killer whale produce a wide variety of clicks and whistles but most of
its sounds are pulsed and at 1 to 6 kHz; source levels range up to 160 dB re 1 yPa-m (Thomson and
Richardson 1995). Acoustic studies of resident killer whales in British Columbia have found that there
are dialects, which are highly stereotyped, repetitive discrete calls that are group-specific and shared
by all group members (Ford 2002). These dialects likely are used to maintain group identity and
cohesion, and may serve as indicators of relatedness that help in the avoidance of inbreeding
between closely related whales (Ford 2002). Dialects have been documented in killer whales
occurring in northern Norway, and likely occur in other locales as well (Ford 2002).

The killer whale has the lowest frequency of maximum sensitivity and one of the lowest high-
frequency limits among toothed whales (Szymanski et al. 1999). The upper limit of hearing is 100 kHz
for this species. The most sensitive frequency, in both behavioral and in auditory brainstem response
audiograms, has been determined to be 20 kHz (Szymanski et al. 1999).

+ Short-finned Pilot Whales (Globicephala macrorhynchus)

Description—There are two species of pilot whales in the western North Atlantic; only the short-
finned pilot whale is expected in the Caribbean. Pilot whales are among the largest members of the
family Delphinidae (Jefferson et al. 1993). In general, the short-finned pilot whale is smaller than the
long-finned pilot whale (Bernard and Reilly 1999). The short-finned pilot whale may reach 5.5 m
(females) and 6.1 m (males) in length (Jefferson et al. 1993).

Pilot whales have bulbous heads, with a forehead that sometimes overhangs the rostrum; there is no
beak (Jefferson et al. 1993). The dorsal fin is distinctive, being generally broader-based than it is tall.
It is falcate and usually rounded at the tip, and is set well forward of the middle of the back. The
flippers of the short-finned pilot whale are long and sickle-shaped and range from 16% to 22% of the
total body length (Jefferson et al. 1993). Both pilot whale species are black on the back and sides; in
some individuals, there is a light gray saddle patch located behind the dorsal fin. Pilot whales have a
white to light gray anchor-shaped patch on the chest (Jefferson et al. 1993).

Status—There are no abundance estimates for this species for the Caribbean.

Habitat Preferences—Pilot whales are found in both nearshore and offshore environments (Olson
and Reilly 2002). Pilot whales are found over the continental shelf break, in slope waters, and in
areas of high topographic relief (Olson and Reilly 2002). Pilot whales are sometimes seen in waters
over the continental shelf (Jefferson personal communication). A number of studies have suggested
that the distribution and movements of Globicephala spp. coincide closely with the abundance of
squid (Taruski and Winn 1976; Hui 1985; Payne and Heinemann 1993; Bernard and Reilly 1999). The
distribution of Globicephala spp. in the Southern California Bight was found to be associated with high
relief topography, which Hui (1985) related to the squid-feeding habits of pilot whales. A clear relation
of pilot whale distribution to bottom topography off Puerto Rico and the Virgin Islands, however, was
not found by Mignucci-Giannoni (1989). Mignucci-Giannoni (1989, 1998) reported that there were
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more occurrence records of pilot whales during the winter and spring (January through April) and
noted that this seems to coincide with the inshore movement of spawning octopus.

Distribution—The short-finned pilot whale is found worldwide in tropical and warm-temperate seas
and usually does not range north of 50°N or south of 40°S (Jefferson et al. 1993). The short-finned
pilot whale has a wide distribution in the Caribbean (Watkins and Moore 1982; Mattila and Clapham
1989) and is a commonly sighted species. Caldwell et al. (1971) reported on a small fishery for pilot
whales on the western side of St. Vincent in the Lesser Antilles, which continues on a lesser scale to
this day (Jefferson personal communication).

» Information Specific to PROA/St. Croix OPAREA—AIl of the OPAREA and vicinity pilot whale
records are presumed to be of the short-finned pilot whale, even when identifications past the
genus level were not provided (Figure B-26; Jefferson personal communication). The short-finned
pilot whale is present year-round in the northeastern Caribbean (Mignucci-Giannoni 1998).
Expected occurrence of pilot whales in the PROA/St. Croix OPAREA is from the coast to the
4,000 m isobath north of Puerto Rico and the Virgin Islands and to the 3,000 m isobath to the
south (Figure B-26). The distribution of the majority of the sighting records throughout the year
was considered, as well as the known preference of this species globally for steep bottom
topography, which is most probably related to distribution of squid. The low or unknown
occurrence of pilot whales in deeper waters is based on the low survey effort in these waters.
There is a concentrated occurrence of this species in waters on the continental shelf and in the
deep waters between St. Croix and the rest of the Virgin Islands. This takes into account a large
number of sightings on the continental shelf (also noted by Mignucci-Giannoni 1998), as well as
the fact that pilot whales likely move between the islands in the PROA/St. Croix OPAREA, which
are in close proximity to one another. With a narrow continental shelf and deep waters in close
proximity to the shore, it is not surprising that this species is also frequently sighted over the
continental shelf. Occurrence patterns are assumed to be the same for all seasons.

Behavior and Life History—Pilot whales are very social and may be seen in groups of several
individuals to upwards of several hundreds. Groups in this part of the Caribbean range from one to
100 individuals (Mignucci-Giannoni 1998). Pilot whales appear to live in relatively stable female-
based groups (Jefferson et al. 1993). Average age at sexual maturity for short-finned pilot whales is 9
years for females and 17 years for males (Bernard and Reilly 1999). The gestation period for short-
finned pilot whales is 15 to 16 months, with a mean calving interval of 4.6 to 5.7 years (Bernard and
Reilly 1999). Calving peaks in the northern hemisphere for short-finned pilot whales vary by stock
(Jefferson et al. 1993).

Short-finned pilot whales are often sighted in association with other cetaceans (Bernard and Reilly
1999). Roden and Mullin (2000) reported on two interactions between humpback whales and short-
finned pilot whales in the northern Caribbean. The short-finned pilot whale is known to mass strand
(Caldwell et al. 1970; Toyos-Gonzalez and Mignucci-Giannoni 2001). Pilot whales are deep divers.
The pilot whale can stay submerged for over 10 min and the maximum dive depth measured is 610 m
(Bernard and Reilly 1999). Mate (1989) described movements of a satellite-tagged, rehabilitated long-
finned pilot whale that was released off Cape Cod and ranged from New Jersey to Nova Scotia during
the three months of the tag’s operation. Daily movements of up to 234 km and swimming speeds
averaging 0.92 m/sec were recorded. Deep diving occurred mainly at night, when prey is nearer the
water's surface. Tagged long-finned pilot whales in the Ligurian Sea (located between ltaly and
Corsica) were also found to make their deepest dives (maximum of 648 m) after dark, which is the
time that vertically migrating prey become more readily available as they move closer to the surface
(Baird et al. 2002).

Short-finned pilot whales feed primarily on squids but also take fish (Bernard and Reilly 1999).
Caldwell et al. (1971) reported that both squid and fish were found in pilot whales taken in the pilot
whale fishery off the Lesser Antillean island of St. Vincent. Pilot whales have been reported to feed on
tuna during the summer off Puerto Rico (Caldwell and Erdman 1963). Stomach content analysis of
two animals from Puerto Rico revealed squid beaks (Mignucci-Giannoni 1996). Pilot whales are not
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generally known to prey on other marine mammals; however, records from the eastern tropical Pacific
suggest that the short-finned pilot whale does chase, attack, and may occasionally eat dolphins
during fishery operations (Perryman and Foster 1980), and they have been observed harassing
sperm whales (Weller et al. 1996).

Acoustics and Hearing—Short-finned pilot whale whistles and clicks have a dominant frequency
range of 2 to 14 kHz and a source level of 180 dB re 1 yPa-m (Ketten 1998). There are no hearing
data available for this species.

Seals

Although there are many species of seals found in the western North Atlantic, no living seal species
normally ranges as far south as the PROA/St. Croix OPAREA. Until the 1950s, the Caribbean monk seal
was present in the Caribbean, but is now considered extinct (Le Boeuf et al. 1986). Puerto Rico and the
Virgin Islands have never been considered a locality where Caribbean monk seals were usually found
(Mignucci-Giannoni 1989). Any sightings of seals represent uncommon extralimital occurrences of
animals that strayed from their normal distributional range.

+ Hooded Seals (Cystophora cristata)

Hooded seals are found in the Atlantic region of the Arctic Ocean and in high latitudes of the North
Atlantic, especially near the outer edge of the pack ice. Hooded seals (particularly young ones) are
recognized as great wanderers. They appear in places far from their normal breeding and foraging
range and have traveled as far south as Puerto Rico and the Virgin Islands (Mignucci-Giannoni and
Odell 2001; Mignucci-Giannoni and Haddow 2002). There are records of dead and live-stranded
hooded seals in the PROA/St. Croix OPAREA for May through September (Mignucci-Giannoni and
Odell 2001; Mignucci-Giannoni personal communication). These are considered extralimital.

3.1.3 Literature Cited

Aguilar, A. 2002. Fin whale Balaenoptera physalus. Pages 435-438 in W.F. Perrin, B. Wirsig, and J.G.M.
Thewissen, eds. Encyclopedia of marine mammals. San Diego: Academic Press.

Alsina-Guerrero, M.M., M.A. Rodriguez-Lépez, and A.A. Mignucci-Giannoni. 2001. Assessment of the use
of San Juan Bay, Puerto Rico, by dolphins and manatees. Page 5 in Abstracts, Fourteenth
Biennial Conference on the Biology of Marine Mammals. 28 November-3 December 2001.
Vancouver, British Columbia.

Archer, F.I., and W.F. Perrin. 1999. Stenella coeruleoalba. Mammalian Species 603:1-9.

Au, DW.K,, and W.L. Perryman. 1985. Dolphin habitats in the eastern tropical Pacific. Fishery Bulletin
83(4):623-643.

Au, W.W.L. 1993. The sonar of dolphins. New York: Springer-Verlag.

Au, WW.L,, AN. Popper, and R.R. Fay, eds. 2000. Hearing by whales and dolphins. New York: Springer-
Verlag.

Au, WW.L., J. Darling, and K. Andrews. 2001. High-frequency harmonics and source level of humpback
whale songs. Journal of the Acoustical Society of America 110(5):2770.

Baird, R.W. 2000. The killer whale: Foraging specializations and group hunting. Pages 127-153 in J.
Mann, R.C. Connor, P.L. Tyack, and H. Whitehead, eds. Cetacean societies: Field studies of
dolphins and whales. Chicago: University of Chicago Press.

Baird, R.W. 2002. False killer whale Pseudorca crassidens. Pages 411-412 in W.F. Perrin, B. Wirsig, and
J.G.M. Thewissen, eds. Encyclopedia of marine mammals. San Diego: Academic Press.

Baird, RW., E.L. Waters, and P.J. Stacey. 1993a. Status of the bottlenose dolphin, Tursiops truncatus,
with special reference to Canada. Canadian Field-Naturalist 107(4):466-480.

Baird, R.W., P.J. Stacey, and H. Whitehead. 1993b. Status of the striped dolphin, Stenella coeruleoalba,
in Canada. Canadian Field-Naturalist 107(4):455-465.

Baird, RW., D. Nelson, J. Lien, and D.W. Nagorsen. 1996. The status of the pygmy sperm whale, Kogia
breviceps, in Canada. Canadian Field-Naturalist 110(3):525-532.

3-43



NOVEMBER 2002 FINAL REPORT

Baird, R.W., A.D. Ligon, S.K. Hooker, and A.M. Gorgone. 2001. Subsurface and nighttime behaviour of
pantropical spotted dolphins in Hawaii. Canadian Journal of Zoology 79:988-996.

Baird, R.W., J.F. Borsani, M.B. Hanson, and P.L. Tyack. 2002. Diving and night-time behavior of long-
finned pilot whales in the Ligurian Sea. Marine Ecology Progress Series 237:301-305.

Ballance, L.T., and R.L. Pitman. 1998. Cetaceans of the western tropical Indian Ocean: Distribution,
relative abundance, and comparisons with cetacean communities of two other tropical
ecosystems. Marine Mammal Science 14(3):429-459.

Barco, S., W. McLellan, J. Allen, R. Asmutis, R. Mallon-Day, E. Meagher, D.A. Pabst, J. Robbins, R.
Seton, W.M. Swingle, M. Weinrich, and P. Clapham. 2001. Population identity of humpback
whales in the waters of the U.S. mid-Atlantic states. Page 17 in Abstracts, Fourteenth Biennial
Conference on the Biology of Marine Mammals. 28 November-3 December 2001. Vancouver,
British Columbia.

Barlow, J. 1999. Trackline detection probability for long-diving whales. Pages 209-221 in G.W. Garner,
S.C. Amstrup, J.L. Laake, B.F.J. Manly, L.L. McDonald, and D.G. Robertson, eds. Marine
mammal survey and assessment methods. Brookfield, Vermont: A.A. Balkema.

Barrett-Lennard, L.G., J.KB. Ford, and KA. Heise. 1996. The mixed blessings of echolocation:
Differences in sonar use by fish-eating and mammal-eating killer whales. Animal Behaviour
51:553-565.

Barros, N.B., and A.A. Myrberg. 1987. Prey detection by means of passive listening in bottlenose
dolphins (Tursiops truncatus). Journal of the Acoustical Society of America 82 (Supplement
1):S65. Abstract number EES.

Barros, N.B., D.A. Duffield, P.H. Ostrom, D.K. Odell, and V.R. Cornish. 1998. Near-shore vs. off-shore
ecotype differentiation of Kogia breviceps and K. simus based on hemoglobin, morphometric and
dietary analyses. Page 10 in Abstracts, World Marine Mammal Conference. 20-24 January 1998.
Monaco.

Baumgartner, M.F. 1997. The distribution of Risso’s dolphin (Grampus griseus) with respect to the
physiography of the northern Gulf of Mexico. Marine Mammal Science 13(4):614-638.

Baumgartner, M.F., K.D. Mullin, L.N. May, and T.D. Leming. 2001. Cetacean habitats in the northern Gulf
of Mexico. Fishery Bulletin 99:219-239.

Beamish, P., and E. Mitchell. 1973. Short pulse length audio frequency sounds recorded in the presence
of a minke whale (Balaenoptera acutorostrata). Deep-Sea Research 20:375-386.

Bernard, H.J., and S.B. Reilly. 1999. Pilot whales Globicephala Lesson, 1828. Pages 245-279 in S.H.
Ridgway and R. Harrison, eds. Handbook of marine mammals. Volume 6: The second book of
dolphins and the porpoises. San Diego: Academic Press.

Best, P.B. 1979. Social organization in sperm whales, Physeter macrocephalus. Pages 227-289 in H.E.
Winn and B.L. Olla, eds. Behavior of marine animals. Volume 3: Cetaceans. New York: Plenum
Press.

Biggs, D.C., R.R. Leben, and J.G. Ortega-Ortiz. 2000. Ship and satellite studies of mesoscale circulation
and sperm whale habitats in the northeast Gulf of Mexico during GulfCet Il. Gulf of Mexico
Science 18(1):15-22.

Bjorge, A. 2002. How persistent are marine mammal habitats in an ocean of variability? Pages 63-91 in
P.G.H. Evans and J.A. Raga, eds. Marine mammals: Biology and conservation. New York:
Kluwer Academic/Plenum Publishers.

Boyd, I.L., C. Lockyer, and H.D. Marsh. 1999. Reproduction in marine mammals. Pages 218-286 in J.E.
Reynolds and S.A. Rommel, eds. Biology of marine mammals. Washington, D.C.: Smithsonian
Institution Press.

Brown, D.H., D.K. Caldwell, and M.C. Caldwell. 1966. Observations on the behavior of wild and captive
false killer whales, with notes on associated behavior of other genera of captive delphinids.
Contributions in Science, Natural History Museum of Los Angeles County 95:1-32.

Bryant, P.J., G. Nichols, T.B. Bryant, and K. Miller. 1981. Krill availability and the distribution of humpback
whales in southeastern Alaska. Journal of Mammalogy 62:427-430.

Caldwell, D.K., and M.C. Caldwell. 1969. Addition of the leatherback sea turtle to the known prey of the
killer whale, Orcinus orca. Journal of Mammalogy 50(3):636.

Caldwell, D.K., and M.C. Caldwell. 1971. Sounds produced by two rare cetaceans stranded in Florida.
Cetology 4:1-6.

3-44



NOVEMBER 2002 FINAL REPORT

Caldwell, D.K., and M.C. Caldwell. 1972. The world of the bottlenosed dolphin. Philadelphia: J.B.
Lippincott Company.

Caldwell, D.K., and M.C. Caldwell. 1989. Pygmy sperm whale Kogia breviceps (de Blainville, 1838):
Dwarf sperm whale Kogia simus Owen, 1866. Pages 253-260 in S.H. Ridgway and R. Harrison,
eds. Handbook of marine mammals. Volume 4: River dolphins and the larger toothed whales.
London: Academic Press.

Caldwell, D.K,, and D.S. Erdman. 1963. The pilot whale in the West Indies. Journal of Mammalogy
44(1):113-115.

Caldwell, D.K., W.F. Rathjen, and M.C. Caldwell. 1970. Pilot whales mass stranded at Nevis, West Indies.
Quarterly Journal of the Florida Academy of Sciences 33(4):241-243.

Caldwell, D.K., M.C. Caldwell, W.F. Rathjen, and J.R. Sullivan. 1971. Cetaceans from the Lesser
Antillean island of St. Vincent. Fishery Bulletin 69(2):303-312.

Caldwell, D.K., M.C. Caldwell, and R.V. Walker. 1976. First records for Fraser’s dolphin (Lagenodelphis
hosei) in the Atlantic and the melon-headed whale (Peponocephala electra) in the western
Atlantic. Cetology 25:1-4.

Cardona-Maldonado, M.A., and A.A. Mignucci-Giannoni. 1999. Pygmy and dwarf sperm whales in Puerto
Rico and the Virgin Islands, with a review of Kogia in the Caribbean. Caribbean Journal of
Science 35(1-2):29-37.

CETAP (Cetacean and Turtle Assessment Program). 1982. Characterization of marine mammals and
turtles in the mid- and North Atlantic areas of the U.S. outer continental shelf. NTIS PB83-
215855. Final report to the U.S. Bureau of Land Management, Washington, D.C., from the
Graduate School of Oceanography, University of Rhode Island, Kingston.

Charif, R.A., D.K. Mellinger, K.J. Dunsomore, K.M. Fristrup, and C.W. Clark. 2002. Estimated source
levels of fin whale (Balaenoptera physalus) vocalizations: Adjustments for surface interference.
Marine Mammal Science 18(1):81-98.

Clapham, P.J. 1996. The social and reproductive biology of humpback whales: An ecological perspective.
Mammal Review 26(1):27-49.

Clapham, P.J. 2000. The humpback whale: Seasonal feeding and breeding in a baleen whale. Pages
173-196 in J. Mann, R.C. Connor, P.L. Tyack, and H. Whitehead, eds. Cetacean societies: Field
studies of dolphins and whales. Chicago: University of Chicago Press.

Clapham, P.J., and D.K. Mattila. 1990. Humpback whale songs as indicators of migration routes. Marine
Mammal Science 6(2):155-160.

Clapham, P.J., and J.G. Mead. 1999. Megaptera novaeangliae. Mammalian Species 604:1-9.

Clapham, P.J., L.S. Baraff, C.A. Carlson, M.A. Christian, D.K. Mattila, C.A. Mayo, M.A. Murphy, and S.
Pittman. 1993. Seasonal occurrence and annual return of humpback whales, Megaptera
novaeangliae, in the southern Gulf of Maine. Canadian Journal of Zoology 71:440-443.

Clark, C.W. 1995. Annex M. Matters arising out of the discussion of blue whales: Annex M1. Application
of US Navy underwater hydrophone arrays for scientific research on whales. Reports of the
International Whaling Commission 45:210-212.

Clarke, M.R. 1996. Cephalopods as prey. lll. Cetaceans. Philosophical Transactions of the Royal Society
of London, Part B: Biological Sciences 351:1053-1065.

Coles, P. 2001. Identifying beaked whales at sea in North Atlantic waters. Pages 81-90 in G. Cresswell
and D. Walker, eds. A report on the whales, dolphins and seabirds of the Bay of Biscay and
English Channel. Organisation Cetacea (ORCA).

Connor, R.C., R.S. Wells, J. Mann, and A.J. Read. 2000. The bottlenose dolphin: Social relationships in a
fission-fusion society. Pages 91-126 in J. Mann, R.C. Connor, P.L. Tyack, and H. Whitehead,
eds. Cetacean societies: Field studies of dolphins and whales. Chicago: University of Chicago
Press.

Corkeron, P.J., and R.C. Connor. 1999. Why do baleen whales migrate? Marine Mammal Science
15(4):1228-1245.

Corkeron, P.J., and S.M. van Parijs. 2001. Vocalizations of eastern Australian Risso’s dolphins, Grampus
griseus. Canadian Journal of Zoology 79:160-164.

Croll, D.A., B.R. Tershy, A. Acevedo, and P. Levin. 1999. Marine vertebrates and low frequency sound.
Technical report for LFA EIS. Santa Cruz: University of California.

3-45



NOVEMBER 2002 FINAL REPORT

Croll, D.A., A. Acevedo-Gutiérrez, B.R. Tershy, and J. Urban-Ramirez. 2001. The diving behavior of blue
and fin whales: Is dive duration shorter than expected based on oxygen stores? Comparative
Biochemistry and Physiology, Part A 129:797-809.

Cummings, W.C. 1985. Bryde’s whale Balaenoptera edeni Anderson, 1878. Pages 137-154 in S.H.
Ridgway and R. Harrison, eds. Handbook of marine mammals. Volume 3: The sirenians and
baleen whales. San Diego: Academic Press.

Curry, B.E., and J. Smith. 1997. Phylogeographic structure of the bottlenose dolphin (Tursiops truncatus):
Stock identification and implications for management. Pages 227-247 in D.E. Dizon, S.J. Chivers,
and W.F. Perrin, eds. Molecular genetics of marine mammals. Society for Marine Mammalogy
Special Publication 3. Lawrence, Kansas.

Dahlheim, M.E., and J.E. Heyning. 1999. Killer whale Orcinus orca (Linnaeus, 1758). Pages 281-322 in
S.H. Ridgway and R. Harrison, eds. Handbook of marine mammals. Volume 6: The second book
of dolphins and the porpoises. San Diego: Academic Press.

Davis, R.W., and G.S. Fargion, eds. 1996. Distribution and abundance of cetaceans in the north-central
and western Gulf of Mexico. Final report. Volume 2: Technical report. OCS Study MMS 96-0027.
New Orleans: Minerals Management Service.

Davis, RW., G.A.J. Worthy, B. Wirsig, and S.K. Lynn. 1996. Diving behavior and at-sea movements of
an Atlantic spotted dolphin in the Gulf of Mexico. Marine Mammal Science 12(4):569-581.

Davis, RW., G.S. Fargion, N. May, T.D. Leming, M. Baumgartner, W.E. Evans, L.J. Hansen, and K.
Mullin. 1998. Physical habitat of cetaceans along the continental slope in the north-central and
western Gulf of Mexico. Marine Mammal Science 14(3):490-507.

Davis, RW., J.G. Ortega-Ortiz, C.A. Ribic, W.E. Evans, D.C. Biggs, P.H. Ressler, R.B. Cady, R.R. Leben,
K.D. Mullin, and B. Wiirsig. 2002. Cetacean habitat in the northern oceanic Gulf of Mexico. Deep-
Sea Research | 49:121-142.

Debrot, A.O., J.A. De Meyer, and P.J.E. Dezentje. 1998. Additional records and a review of the cetacean
fauna of the Leeward Dutch Antilles. Caribbean Journal of Science 34(3-4):204-210.

Defran, R.H., and D.W. Weller. 1999. Occurrence, distribution, site fidelity, and school size of bottlenose
dolphins (Tursiops truncatus) off San Diego, California. Marine Mammal Science 15(2):366-380.

Diaz, C.A., S.M. Rice, P. Torres, D. Corales, F. Gilbes, V.P. Vicente, and M. Barreto. 1992. Status,
distribution and population assessment of the Antillean manatee at Roosevelt Roads and Vieques
Island Naval Station. Final report. Prepared for the U.S. Navy by U.S. Fish and Wildlife Service.

Domingo, M., S. Kennedy, and M.-F. van Bressem. 2002. Marine mammal mass mortalities. Pages 425-
456 in P.G.H. Evans and J.A. Raga, eds. Marine mammals: Biology and conservation. New York:
Kluwer Academic/Plenum Publishers.

Domning, D.P., and L.A.C. Hayek. 1986. Interspecific and intraspecific morphological variation in
manatees (Sirenia: Trichechus). Marine Mammal Science 2(1):87-144.

Dufault, S., H. Whitehead, and M.C. Dillon. 1999. An examination of the current knowledge on the stock
structure of sperm whales (Physeter macrocephalus). Journal of Cetacean Research and
Management 1(1):1-10.

Duffield, D.A., S.H. Ridgway, and L.H. Cornell. 1983. Hematology distinguishes coastal and offshore
forms of dolphins (Tursiops). Canadian Journal of Zoology 61:930-933.

Edds, P.L., D.K. Odell, and B.R. Tershy. 1993. Vocalizations of a captive juvenile and free-ranging adult-
calf pairs of Bryde’s whales, Balaenoptera edeni. Marine Mammal Science 9(3):269-284.

Edds-Walton, P.L. 1997. Acoustic communication signals of mysticete whales. Bioacoustics 8:47-60.

Erdman, D.S. 1970. Marine mammals from Puerto Rico to Antigua. Journal of Mammalogy 51(3): 636-
639.

Erdman, D.S., J. Harms, and M.M. Flores. 1973. Cetacean records from the northeastern Caribbean
region. Cetology 17:1-14.

Evans, P.G.H. 2002. Habitat pressures. Pages 545-548 in W.F. Perrin, B. Wiirsig, and J.G.M. Thewissen,
eds. Encyclopedia of marine mammals. San Diego: Academic Press.

Evans, W.E. 1994. Common dolphin, white-bellied porpoise Delphinus delphis Linnaeus, 1758. Pages
191-224 in S.H. Ridgway and R. Harrison, eds. Handbook of marine mammals. Volume 5: The
first book of dolphins. San Diego: Academic Press.

3-46



NOVEMBER 2002 FINAL REPORT

Ferguson, M.C., J. Barlow, T. Gerrodette, and P. Fiedler. 2001. Abstract, Meso-scale patterns in the
density and distribution of ziphiid whales in the eastern Pacific Ocean. Pages 5-9 in Fourteenth
Biennial Conference on the Biology of Marine Mammals. 28 November-3 December 2001.
Vancouver, British Columbia.

Fertl, D., A. Acevedo-Guitierrez, and F.L. Darby. 1996. A report of killer whales (Orcinus orca) feeding on
a carcharhinid shark in Costa Rica. Marine Mammal Science 12(4):606-611.

Fertl, D., A.J. Schiro, and D. Peake. 1997. Coordinated feeding by Clymene dolphins (Stenella clymene)
in the Gulf of Mexico. Aquatic Mammals 23(2):111-112.

Fertl, D., T.A. Jefferson, A.N. Zerbini, and |.B. Moreno. 2001. A review of the distribution of the Clymene
dolphin (Stenella clymene). Pages 70-71 in Abstracts, Fourteenth Biennial Conference on the
Biology of Marine Mammals. 28 November-3 December 2001. Vancouver, British Columbia.

Fiedler, P.C. 2002. Ocean environment. Pages 824-830 in W.F. Perrin, B. Wirsig, and J.G.M. Thewissen,
eds. Encyclopedia of marine mammals. San Diego: Academic Press.

Forcada, J. 2002. Distribution. Pages 327-333 in W.F. Perrin, B. Wirsig, and J.G.M. Thewissen, eds.
Encyclopedia of marine mammals. San Diego: Academic Press.

Ford, J.K.B. 2002. Killer whale Orcinus orca. Pages 669-676 in W.F. Perrin, B. Wirsig, and J.G.M.
Thewissen, eds. Encyclopedia of marine mammals. San Diego: Academic Press.

Frantzis, A., J.C. Goold, E.K. Skarsoulis, M.l. Taroudakis, and V. Kandia. 2002. Clicks from Cuvier’s
beaked whales, Ziphius cavirostris (L). Journal of the Acoustical Society of America 112(1):34-37.

Freeman, J., and H. Quintero. 1990. The distribution and status of the West Indian manatee (Trichechus
manatus) in Roosevelt Roads Naval Station and Vieques Island. Atlanta: U.S. Fish and Wildlife
Service.

Gambell, R. 1985a. Sei whale Balaenoptera borealis Lesson, 1828. Pages 155-170 in S.H. Ridgway and
R. Harrison, eds. Handbook of marine mammals. Volume 3: The sirenians and baleen whales.
San Diego: Academic Press.

Gambell, R. 1985b. Fin whale Balaenoptera physalus (Linneaus, 1758). Pages 171-192 in S.H. Ridgway
and R. Harrison, eds. Handbook of marine mammals. Volume 3: The sirenians and baleen
whales. San Diego: Academic Press.

Gannon, D.P., J.E. Craddock, and A.J. Read. 1998. Food habits of beaked whales (Mesoplodon bidens
and Ziphius cavirostris) from the northeastern U.S. Page 49 in Abstracts, World Marine Mammal
Science Conference. 20-24 January 1998. Monte Carlo, Monaco.

Garcia-Rodriguez, A.l., B.W. Bowen, D. Domning, A.A. Mignucci-Giannoni, M. Marmontel, R.A. Montoya-
Ospina, B. Morales-Vela, M. Rudin, R.K. Bonde, and P.M. McGuiress. 1998. Phylogeography of
the West Indian manatee (Trichechus manatus). How many populations and how many taxa?
Molecular Ecology 7:1137-1149.

Gaskin, D.E. 1982. The ecology of whales and dolphins. Portsmouth, New Hampshire: Heinemann.

Gedamke, J., D.P. Costa, and A. Dunstan. 2001. Localization and visual verification of a complex minke
whale vocalization. Journal of the Acoustical Society of America 109(6):3038-3047.

Gerstein, E.R. 1999. Psychoacoustic evaluations of the West Indian manatee (Tricechus manatus
latirostris). Ph.D. diss., Florida Atlantic University.

Gerstein, E.R. 2002. Manatees, bioacoustics and boats. American Scientist 90(2):154-163.

Gerstein, E.R., L. Gerstein, S.E. Forsythe, and J.E. Blue. 1999. The underwater audiogram of the West
Indian manatee (Trichechus manatus). Journal of the Acoustical Society of America 105:3575-
3583.

Gerstein, E., L. Gerstein, S. Forsythe, and J. Blue. 2001. Underwater masked thresholds and critical
ratios of the West Indian manatee. Page 82 in Abstracts, Fourteenth Biennial Conference on the
Biology of Marine Mammals. 28 November-3 December 2001. Vancouver, British Columbia.

Goold, J.C. 2000. A diel pattern in vocal activity of short-beaked common dolphins, Delphinus delphis.
Marine Mammal Science 16(1):240-244.

Griffin, R.B. 1999. Sperm whale distributions and community ecology associated with a warm-core ring off
Georges Bank. Marine Mammal Science 15(1):33-51.

Hain, J.HW., G.R. Carter, S.D. Kraus, C.A. Mayo, and H.E. Winn. 1982. Feeding behavior of the
humpback whale, Megaptera novaeangliae, in the western North Atlantic. Fishery Bulletin 80:259-
268.

Hain, J.H.W., M.A.M. Hyman, R.D. Kenney, and H.E. Winn. 1985. The role of cetaceans in the shelf-edge
region of the northeastern United States. Marine Fisheries Review 47(1):13-17.

3-47



NOVEMBER 2002 FINAL REPORT

Hain, J.HW., M.J. Ratnhaswamy, R.D. Kenney, and H.E. Winn. 1992. The fin whale, Balaenoptera
physalus, in waters of the northeastern United States continental shelf. Reports of the
International Whaling Commission 42:653-669.

Hain, J.HW., S.L. Ellis, R.D. Kenney, P.J. Clapham, B.K. Gray, M.T. Weinrich, and |.G. Babb. 1995.
Apparent bottom feeding by humpback whales on Stellwagen Bank. Marine Mammal Science
11(4):464-479.

Harmer, K.B.E. 1923. Cervical vertebrae of a gigantic blue whale from Panama. Proceedings of the
Zoological Society of London 1923:1085-1089.

Hartman, D.S. 1979. Ecology and behavior of the manatee (Trichechus manatus) in Florida. Special
Publication 5. Lawrence, Kansas: Society for Marine Mammalogy.

Harwood, J. 2001. Marine mammals and their environment in the twenty-first century. Journal of
Mammalogy 82(3):630-640.

Hersh, S.L., and D.A. Duffield. 1990. Distinction between northwest Atlantic offshore and coastal
bottlenose dolphins based on hemoglobin profile and morphometry. Pages 129-139 in S.
Leatherwood and R.R. Reeves, eds. The bottlenose dolphin. San Diego: Academic Press.

Heyning, J.E. 1989. Cuvier's beaked whale - Ziphius cavirostris (G. Cuvier, 1823). Pages 289-308 in S.H.
Ridgway and R. Harrison, eds. Handbook of marine mammals. Volume 4: River dolphins and the
larger toothed whales. San Diego: Academic Press.

Heyning, J.E., and J.G. Mead. 1996. Suction feeding in beaked whales: Morphological and observational
evidence. Contributions in Science, Natural History Museum of Los Angeles County 464:1-12.

Heyning, J.E., and W.F. Perrin. 1994. Evidence for two species of common dolphins (genus Delphinus)
from the eastern North Pacific. Contributions in Science, Natural History Museum of Los Angeles
County 442:1-35.

Hoelzel, A.R., E.M. Dorsey, and S.J. Stern. 1989. The foraging specializations of individual minke whales.
Animal Behaviour 38:786-794.

Hoelzel, A.R., C.W. Potter, and P.B. Best. 1998. Genetic differentiation between parapatric “nearshore”
and “offshore” populations of the bottlenose dolphin. Proceedings of the Royal Society of London,
Part B 265:1177-1183.

Hohn, A.A. 1980. Age determination and age related factors in the teeth of western North Atlantic
bottlenose dolphins. Scientific Reports of the Whales Research Institute 32:39-66.

Horwood, J. 1990. Biology and exploitation of the minke whale. Boca Raton, Florida: CRC Press.

Houser, D.S., D.A. Helweg, and P.W.B. Moore. 2001. A bandpass filter-bank model of auditory sensitivity
in the humpback whale. Aquatic Mammals 27(2):82-91.

Hui, C.A. 1979. Undersea topography and distribution of dolphins of the genus Delphinus in the Southern
California Bight. Journal of Mammalogy 60:521-527.

Hui, C.A. 1985. Undersea topography and the comparative distributions of two pelagic cetaceans. Fishery
Bulletin 83:472-475.

IWC (International Whaling Commission). 1997. Report on the International Whaling Commission
Workshop on Climate Change and Cetaceans. Reports of the International Whaling Commission
47:293-319.

IWC (International Whaling Commission). 2001. Classification of the order Cetacea (whales, dolphins and
porpoises). Journal of Cetacean Research and Management 3(1):xi-xii.

Jaquet, N., and H. Whitehead. 1996. Scale-dependent correlation of sperm whale distribution with
environmental features and productivity in the South Pacific. Marine Ecology Progress Series
135:1-9.

Jaquet, N., H. Whitehead, and M. Lewis. 1996. Coherence between 19th century sperm whale
distributions and satellite derived pigments in the tropical Pacific. Marine Ecology Progress Series
145:1-10.

Jaquet, N., S. Dawson, and E. Slooten. 2000. Seasonal distribution and diving behaviour of male sperm
whales off Kaikoura: Foraging implications. Canadian Journal of Zoology 78:407-419.

Jefferson, T.A. 1996. Morphology of the Clymene dolphin (Stenella clymene) in the northern Gulf of
Mexico. Aquatic Mammals 22(1):35-43.

Jefferson, T.A. 2002. Personal communication via in-house meeting and e-mail between Dr. Thomas A.
Jefferson, National Marine Fisheries Service—Southwest Fisheries Science Center, and Ms.
Dagmar Fertl, Geo-Marine, Inc., Plano, Texas, 8 April, 27 August, and 2 September.

3-48



NOVEMBER 2002 FINAL REPORT

Jefferson, T.A. 2002a. Rough-toothed dolphin Sfeno bredanensis. Pages 1055-1059 in W.F. Perrin, B.
Wirsig, and J.G.M. Thewissen, eds. Encyclopedia of marine mammals. San Diego: Academic
Press.

Jefferson, T.A. 2002b. Clymene dolphin Stenella clymene. Pages 234-236 in W.F. Perrin, B. Wirsig, and
J.G.M. Thewissen, eds. Encyclopedia of marine mammals. San Diego: Academic Press.

Jefferson, T.A., and N.B. Barros. 1997. Peponocephala electra. Mammalian Species 553:1-6.

Jefferson, T.A., and S. Leatherwood. 1994. Lagenodelphis hosei. Mammalian Species 470:1-5.

Jefferson, T.A., and S.K. Lynn. 1994. Marine mammal sightings in the Caribbean Sea and Gulf of Mexico,
Summer 1991. Caribbean Journal of Science 30(1-2): 83-89.

Jefferson, T.A., and A.J. Schiro. 1997. Distribution of cetaceans in the offshore Gulf of Mexico. Mammal
Review 27(1):27-50.

Jefferson, T.A., P.J. Stacey, and R.W. Baird. 1991. A review of killer whale interactions with other marine
mammals: Predation to co-existence. Mammal Review 21(4):151-180.

Jefferson, T.A., S. Leatherwood, and M.A. Webber. 1993. Marine mammals of the world. FAO species
identification guide. Rome: Food and Agriculture Organization of the United Nations.

Jefferson, T.A., D.K. Odell, and K.T. Prunier. 1995. Notes on the biology of the Clymene dolphin (Stenella
clymene) in the northern Gulf of Mexico. Marine Mammal Science 11(4):564-573.

Jiménez, J.C. 1983. An educational approach to create an awareness and understanding of the marine
mammals that inhabit the waters of Puerto Rico. Ph.D. diss., University of Massachusetts.

Jobsis, P., R. Boulon, D. Tyson, and D. Griffen. 2001. Humpback whale sightings (1986-2001) in the
waters of the US Virgin Islands. Page 109 in Abstracts, Fourteenth Biennial Conference on the
Biology of Marine Mammals. 28 November-3 December 2001. Vancouver, British Columbia.

Jurasz, C.M., and V.P. Jurasz. 1979. Feeding modes of the humpback whale, Megaptera novaeangliae,
in southeast Alaska. Scientific Reports of the Whales Research Institute 31:69-83.

Kastelein, R.,, WW.L. Au, and D. de Haan. 2001. Hearing studies on a Pacific walrus (Odobenus
rosmarus divergens), two harbor porpoises (Phocoena phocoena) and a striped dolphin (Stenella
coeruleoalba) to evaluate the impact of human noise. Page 112 in Abstracts, Fourteenth Biennial
Conference on the Biology of Marine Mammals. 28 November-3 December 2001. Vancouver,
British Columbia.

Kato, H. 2002. Bryde’s whales Balaenoptera edeni and B. brydei. Pages 171-176 in W.F. Perrin, B.
Wirsig, and J.G.M. Thewissen, eds. Encyclopedia of marine mammals. San Diego: Academic
Press.

Katona, S.K., and J.A. Beard. 1990. Population size, migrations, and feeding aggregations of the
humpback whale (Megaptera novaeangliae) in the western North Atlantic Ocean. Reports of the
International Whaling Commission, Special Issue 12:295-3086.

Katona, S., B. Baxter, O. Brizier, S. Kraus, J. Perkins, and H. Whitehead. 1979. |dentification of
humpback whales by fluke photographs. Pages 33-44 in H.E. Winn and B.L. Olla, eds. Behavior
of marine animals. Volume 3: Cetaceans. New York: Plenum Press.

Katona, S.K., J.A. Beard, P.E. Girton, and F. Wenzel. 1988. Killer whales (Orcinus orca) from the Bay of
Fundy to the Equator, including the Gulf of Mexico. Rit Fiskideilar (Journal of the Marine Institute
of Reykjavik) 11:205-224.

Kellogg, R. 1928. What is known of the migrations of some of the whalebone whales. Annual Reports of
the Smithsonian Institution 1928:467-494.

Kenney, R.D., and H.E. Winn. 1986. Cetacean high-use habitats of the northeast United States
continental shelf. Fishery Bulletin 84:345-357.

Kenney, R.D., and H.E. Winn. 1987. Cetacean biomass densities near submarine canyons compared to
adjacent shelf/slope areas. Continental Shelf Research 7:107-114.

Kenney, R.D., M.A.M. Hyman, and H.E. Winn. 1985. Calculation of standing stocks and energetic
requirements of the cetaceans of the northeast United States outer continental shelf. NOAA
Technical Memorandum NMFS-F/NEC-41:1-99.

Kenney, R.D., P.M. Payne, D.W. Heinemann, and H.E. Winn. 1996. Shifts in northeast shelf cetacean
distributions relative to trends in Gulf of Maine/Georges Bank finfish abundance. Pages 169-196
in K. Sherman, N.A. Jaworski, and T.J. Smayda, eds. The northeast shelf ecosystem:
Assessment, sustainability, and management. Boston: Blackwell Science.

3-49



NOVEMBER 2002 FINAL REPORT

Kenney, R.D., G.P. Scott, T.J. Thompson, and H.E. Winn. 1997. Estimates of prey consumption and
trophic impacts of cetaceans in the USA northeast continental shelf ecosystem. Journal of
Northwest Atlantic Fisheries Science 22:155-171.

Ketten, D.R. 1992. The marine mammal ear: Specializations for aquatic audition and echolocation. Pages
717-750 in D. Webster, R. Fay, and A. Popper, eds. The evolutionary biology of hearing. Berlin:
Springer-Verlag.

Ketten, D.R. 1997. Structure and functions in whale ears. Bioacoustics 8:103-135.

Ketten, D.R. 1998. Marine mammal auditory systems: A summary of audiometric and anatomical data
and its implications for underwater acoustic impacts. NOAA Technical Memorandum NOAA-
NMFS-SWFSC-256:1-74.

Ketten, D.R., D.K. Odell, and D.P. Domning. 1992. Structure, function, and adaptation of the manatee
ear. Pages 77-95 in J.A. Thomas, R.A. Kastelein, and A.Y. Supin, eds. Marine mammal sensory
systems. New York: Plenum Press.

Kopelman, A.H., and S.S. Sadove. 1995. Ventilatory rate differences between surface-feeding and non-
surface-feeding fin whales (Balaenoptera physalus) in the waters off eastern Long Island, New
York, U.S.A., 1981-1987. Marine Mammal Science 11(2):200-208.

Kruer, C. 1995. Mapping and characterizing seagrass areas important to manatees in Puerto Rico -
benthic communities mapping and assessment. Gainesville, Florida: Sirenia Project, National
Biological Service.

Kruse, S., D.K. Caldwell, and M.C. Caldwell. 1999. Risso’s dolphin Grampus griseus (G. Cuvier, 1812).
Pages 183-212 in S.H. Ridgway and R. Harrison, eds. Handbook of marine mammals. Volume 6:
The second book of dolphins and the porpoises. San Diego: Academic Press.

Laerm, J., F. Wenzel, J.E. Craddock, D. Weinand, J. McGurk, M.J. Harris, G.A. Early, J.G. Mead, C.W.
Potter, and N.B. Barros. 1997. New prey species for northwestern Atlantic humpback whales.
Marine Mammal Science 13(4):705-711.

Leatherwood, S. and R.R. Reeves. 1983. The Sierra Club handbook of whales and dolphins. San
Francisco: Sierra Club Books.

Leatherwood, S., D.K. Caldwell, and H.E. Winn. 1976. Whales, dolphins, and porpoises of the western
North Atlantic: A guide to their identification. NOAA Technical Report NMFS CIRC-396:1-176.

Leatherwood, S., C.L. Hubbs, and M. Fisher. 1979. First records of Risso’s dolphin (Grampus griseus)
from the Gulf of California with detailed notes on a mass stranding. Transactions of the San
Diego Society of Natural History 19(3):45-51.

Leatherwood, S., T.A. Jefferson, J.C. Norris, W.E. Stevens, L.J. Hansen, and K.D. Mullin. 1993.
Occurrence and sounds of Fraser's dolphin (Lagenodelphis hosei) in the Gulf of Mexico. Texas
Journal of Science 45(4):349-354.

Le Boeuf, B.J., KW. Kenyon, and B. Villa-Ramirez. 1986. The Caribbean monk seal is extinct. Marine
Mammal Science 2(1):70-72.

Lefebvre, LW., J.P. Reid, W.J. Kenworthy, and J.A. Powell. 2000. Characterizing manatee habitat use
and seagrass grazing in Florida and Puerto Rico: Implications for conservation and management.
Pacific Conservation Biology 5:289-298.

Lefebvre, LW., M. Marmontel, J.P. Reid, G.B. Rathbun, and D.P. Domning. 2001. Status and
biogeography of the West Indian manatee. Pages 425-474 in C.A. Woods and F.E. Sergile, eds.
Biogeography of the West Indies: Patterns and perspectives. 2d ed. Boca Raton, Florida: CRC
Press.

Lodi, L., and B. Fiori. 1987. Observacoes sobre o comportamento de golfinho rotador; Stenella
longirostris (Cetacea, Delphinidae) na Ilha de Fernando de Noronha—Brasil. Pages 60-68 in Anais
da 2a. Reuniao de Trabatho de Especialistas em mamiferos Aquaticos do Sul. 4 a 8 Agosto de
1986. Rio de Janerio. (English translation used)

Lodi, L., and B. Hetzel. 1999. Rough-toothed dolphin, Sfeno bredanensis, feeding behaviors in llha
Grande Bay, Brazil. Biociéncias 7(1):29-42.

MacGarvin, M., and M. Simmonds. 1996. Whales and climate change. Pages 321-332 in M.P. Simmonds
and J. Hutchinson, eds. The conservation of whales and dolphins: Science and practice.
Chichester, United Kingdom: John Wiley & Sons.

MacLeod, C.D. 1999. A review of beaked whale acoustics, with inferences on potential interactions with
military activities. European Research on Cetaceans 13:35-38.

3-50



NOVEMBER 2002 FINAL REPORT

MacLeod, C.D. 2000a. Species recognition as a possible function for variations in position and shape of
the sexually dimorphic tusks of Mesoplodon whales. Evolution 54(6):2171-2173.

MacLeod, C.D. 2000b. Review of the distribution of Mesoplodon species (Order Cetacea, Family
Ziphiidae) in the North Atlantic. Mammal Review 30(1):1-8.

MacLeod, C.D. 2001. Dietary preferences in beaked whales: Evidence of niche separation and
geographic segregation between genera? Pages 11-15 in Summary of the Workshop on the
Biology and Conservation of Beaked Whales, Fourteenth Biennial Conference on the Biology of
Marine Mammals. 28 November 2001. Vancouver, British Columbia.

MacLeod, C., and D. Claridge. 1999. Habitat use in dense beaked whales, Mesoplodon densirostris.
Page 112 in Abstracts, Thirteenth Biennial Conference on the Biology of Marine Mammals. 28
November-3 December 1999. Wailea, Hawaii.

Magor, D.M. 1979. Survey of the Caribbean manatee, Trichechus manatus, L. on Vieques Island, Puerto
Rico. Unpublished report to the U.S. Navy.

Martin, A.R., S.K. Katona, D. Matilla, D. Hembree, and T.D. Waters. 1984. Migration of humpback whales
between the Caribbean and Iceland. Journal of Mammalogy 65(2):330-333.

Mate, B. 1989. Satellite-monitored radio tracking as a method for studying cetacean movements and
behaviour. Reports of the International Whaling Commission 39:389-391.

Mattila, D.K., and P.J. Clapham. 1989. Humpback whales, Megaptera novaeangliae, and other cetaceans
on Virgin Bank and in the northern Leeward Islands, 1985 and 1986. Canadian Journal of
Zoology 67:2201-2211.

McAlpine, D.F. 2002. Pygmy and dwarf sperm whales Kogia breviceps and K. sima. Pages 1007-1009 in
W.F. Perrin, B. Wirsig, and J.G.M. Thewissen, eds. Encyclopedia of marine mammals. San
Diego: Academic Press.

McDonald, M.A., J. Calambokidis, A.M. Teranishi, and J.A. Hildebrand. 2001. The acoustic calls of blue
whales off California with gender data. Journal of the Acoustical Society of America 109(4):1728-
1735.

Mead, J.G. 1977. Records of sei and Bryde’s whales from the Atlantic Coast of the United States, the
Gulf of Mexico, and the Caribbean. Reports of the International Whaling Commission, Special
Issue 1:113-116.

Mead, J.G. 1989. Beaked whales of the genus - Mesoplodon. Pages 349-430 in S.H. Ridgway and R.
Harrison, eds. Handbook of marine mammals. Volume 4: River dolphins and the larger toothed
whales. San Diego: Academic Press.

Mead, J.G., and C.W. Potter. 1990. Natural history of bottlenose dolphins along the central Atlantic coast
of the United States. Pages 165-195 in S. Leatherwood and R.R. Reeves, eds. The bottlenose
dolphin. San Diego: Academic Press.

Mead, J.G., and C.W. Potter. 1995. Recognizing two populations of the bottlenose dolphins (Tursiops
truncatus) off the Atlantic coast of North America: Morphologic and ecologic considerations. IBI
Reports 5:31-44.

Mead, J., K. West, and C. Potter. 2001. Reproduction in the rough-toothed dolphin, Steno bredanensis:
Attainment of sexual maturity. Page 141 in Abstracts, Fourteenth Biennial Conference on the
Biology of Marine Mammals. 28 November-3 December 2001. Vancouver, British Columbia.

Mellinger, D.K., C.D. Carson, and C.W. Clark. 2000. Characteristics of minke whale (Balaenoptera
acutorostrata) pulse trains recorded near Puerto Rico. Marine Mammal Science 16(4):739-756.

Mignucci-Giannoni, A.A. 1989. Zoogeography of marine mammals in Puerto Rico and the Virgin Islands.
Master’s thesis, University of Rhode Island.

Mignucci-Giannoni, A.A. 1996. Marine mammal strandings in Puerto Rico and the United States and
British Virgin Islands. Ph.D. diss., University of Puerto Rico.

Mignucci-Giannoni, A.A. 1998. Zoogeography of cetaceans off Puerto Rico and the Virgin Islands.
Caribbean Journal of Science 34(3-4):173-190.

Mignucci-Giannoni, A.A. 2002. Personal communication via e-mail between Dr. Antonio Mignucci-
Giannoni, Caribbean Stranding Network, and Ms. Dagmar Fertl, Geo-Marine, Inc., Plano, Texas,
30 July and 12 August.

Mignucci-Giannoni, A.A., and C.A. Beck. 1998. The diet of the manatee (Trichechus manatus) in Puerto
Rico. Marine Mammal Science 14(2):394-397.

Mignucci-Giannoni, A.A., and P. Haddow. 2002. Wandering hooded seals. Science 295:627-628.

3-51



NOVEMBER 2002 FINAL REPORT

Mignucci-Giannoni, A.A., and D.K. Odell. 2001. Tropical and subtropical records of hooded seals
(Cystophora cristata) dispel the myth of extant Caribbean monk seals (Monachus ftropicalis).
Bulletin of Marine Science 68:47-58.

Mignucci-Giannoni, A.A., M.A. Rodriguez-Lopez, J.J. Pérez-Zayas, R.A. Montoya-Ospina, and E.H.
Williams, Jr. 1998. First record of the melonhead whale (Peponocephala electra) for Puerto Rico.
Mammalia 62: 452-457.

Mignucci-Giannoni, A.A., B. Pinto-Rodriguez, M. Velasco-Escudero, R.A. Montoya-Ospina, N.M.
Jiménez-Marrero, M.A. Rodriguez-Lopez, E.H. Williams, Jr., and D.K. Odell. 1999a. Cetacean
strandings in Puerto Rico and the Virgin Islands. Journal of Cetacean Research and Management
1(2):191-198.

Mignucci-Giannoni, A.A., N.M. Jiménez-Marrero, M. Vargas-Gomez, J.E. Saliva, J.P. Reidm, and R.K.
Bonde. 1999b. Radiotracking manatees off the west coast of Puerto Rico. Page 125 in Abstracts,
Thirteenth Biennial Conference on the Biology of Marine Mammals. 28 November-3 December
1999. Wailea, Hawaii.

Mignucci-Giannoni, A.A., R.A. Montoya-Ospina, J.J. Pérez-Zayas, M.A. Rodriguez-L6épez, and E.H.
Williams, Jr. 1999c. New records of Fraser's dolphin (Lagenodelphis hosei) for the Caribbean.
Aquatic Mammals 25:15-19.

Mignucci-Giannoni, A.A., G.M. Toyos-Gonzalez J. Pérez-Padilla, M.A. Rodriguez-Lépez, and J. Overing.
1999d. Mass stranding of pygmy killer whales (Feresa attenuata) in the British Virgin Islands.
Journal of the Marine Biological Association of the United Kingdom 80:759-760.

Mignucci-Giannoni, A.A., R.A. Montoya-Ospina, N.M. Jiménez-Marrero, M.A. Rodriguez-L6épez, E.H.
Williams, Jr., and R.K. Bonde. 2000. Manatee mortality in Puerto Rico. Environmental
Management 25(2):189-198.

Mignucci-Giannoni, A.A., V.M. Rosado-Odom, M.A. Rodriguez-Lopez, M. Alsina-Guerrero, and |I.
Laborde-de-Crescioni. 2002. ECOmap: Southwest Puerto Rico endangered marine wildlife
conservation project. Report from Red Caribefia de Varamientos (Caribbean Stranding Network)
to EcoEléctrica, San Juan, Puerto Rico.

Mills, L.B., and K.R. Rademacher. 1996. Atlantic spotted dolphins (Stenella frontalis) in the Gulf of
Mexico. Gulf of Mexico Science 14:114-120.

Mitchell, E. 1975. Report of the meeting on smaller cetaceans, Montreal, April 1-11, 1974. Subcommittee
on small cetaceans, Scientific Committee, International Whaling Commission. Journal of
Fisheries Research Board of Canada 32(7):889-983.

Mitchell, E.D. 1991. Winter records of the minke whale (Balaenoptera acutorostrata acutorostrata
Lacepede 1804) in the southern North Atlantic. Reports of the International Whaling Commission
41:455-457.

Mitchell, E., and R.R. Reeves. 1988. Records of killer whales in the western North Atlantic, with emphasis
on eastern Canadian waters. Rit Fiskideildar (Journal of the Marine Research Institute Reykjavik)
11:161-193.

Miyazaki, N., and W.F. Perrin. 1994. Rough-toothed dolphin—Steno bredanensis (Lesson, 1828). Pages
1-21 in S.H. Ridgway and R. Harrison, eds. Handbook of marine mammals. Volume 5: The first
book of dolphins. San Diego, California: Academic Press.

Moore, J.C. 1956. Observations of manatees in aggregations. American Museum Novitates 1811:1-24.

Mullin, K.D., L.V. Higgins, T.A. Jefferson, and L.J. Hansen. 1994a. Sightings of the Clymene dolphin
(Stenella clymene) in the Gulf of Mexico. Marine Mammal Science 10(4):464-470.

Mullin, K.D., T.A. Jefferson, L.J. Hansen, and W. Hoggard. 1994b. First sightings of melon-headed
whales (Peponocephala electra) in the Gulf of Mexico. Marine Mammal Science 10(3):342-348.

Nachtigall, P.E., W.W.L. Au, J.L. Pawloski, and P.W.B. Moore. 1995. Risso’s dolphin (Grampus griseus)
hearing thresholds in Kaneohe Bay, Hawaii. Pages 49-53 in R.A. Kastelein, J.A. Thomas, and
P.E. Nachtigall, eds. Sensory systems of aquatic mammals. Woerden, The Netherlands: De Spil
Publishers.

Nachtigall, P.E., D.W. Lemonds, and H.L. Roitblat. 2000. Psychoacoustic studies of dolphin and whale
hearing. Pages 330-363 in W.W.L. Au, A.N. Popper, and R.R. Fay, eds. Hearing by whales and
dolphins. New York: Springer-Verlag.

Nishiwaki, M. 1966. Distribution and migration of the larger cetaceans in the North Pacific shown by
Japanese whaling results. Pages 171-191 in K.S. Norris, ed. Whales, dolphins, and porpoises.
Berkeley: University of California Press.

3-52



NOVEMBER 2002 FINAL REPORT

NMFS (National Marine Fisheries Service). 1991. Final recovery plan for the humpback whale (Megaptera
novaeangliae). Prepared by the Humpback Whale Recovery Team, Office of Protected
Resources. Silver Spring, Maryland: National Marine Fisheries Service.

NMFS (National Marine Fisheries Service). 1998a. Draft recovery plan for the fin whale (Balaenoptera
physalus) and sei whale (Balaenoptera borealis). Prepared by R.R. Reeves, G.K. Silber, and
P.M. Payne. Silver Spring, Maryland: National Marine Fisheries Service.

NMFS (National Marine Fisheries Service). 1998b. Recovery plan for the blue whale (Balaenoptera
musculus). Prepared by R.R. Reeves, P.J. Clapham, R.L. Brownell, Jr., and G.K. Silber. Silver
Spring, Maryland: National Marine Fisheries Service.

Norman, S.A., and J.G. Mead. 2001. Mesoplodon europaeus. Mammalian Species 688:1-5.

Norris, K.S., B. Wiirsig, R.S. Wells, and M. Wirsig, eds. 1994. The Hawaiian spinner dolphin. Berkeley:
University of California Press.

NOS (National Ocean Service). 2001. Benthic habitats of Puerto Rico and the U.S. Virgin Islands. CD-
ROM. Silver Spring, Maryland: National Oceanic and Atmospheric Administration.

Notarbartolo di Sciara, G. 1982. Bryde’s whales (Balaenoptera edeni Anderson, 1878) off eastern
Venezuela (Cetacea, Balaenopteridae). Technical Report 83-153. San Diego: Hubbs-Sea World
Research Institute.

Odell, D.K., and K.M. McClune. 1999. False killer whale Pseudorca crassidens (Owen, 1846). Pages 213-
243 in S.H. Ridgway and R. Harrison, eds. Handbook of marine mammals. Volume 6: The
second book of dolphins and the porpoises. San Diego: Academic Press.

Oleson, E., J. Barlow, C. Clark, J. Gordon, J. Hildebrand, M. McDonald, and S. Rankin. 2001. Low
frequency, harmonic moans associated with Bryde’s whales in several locations worldwide. Page
161 in Abstracts, Fourteenth Biennial Conference on the Biology of Marine Mammals. 28
November-3 December 2001. Vancouver, British Columbia.

Olson, P.A., and S.B. Reilly. 2002. Pilot whales Globicephala melas and G. macrorhynchus. Pages 898-
903 in W.F. Perrin, B. Wirsig, and J.G.M. Thewissen, eds. Encyclopedia of marine mammals.
San Diego: Academic Press.

O’Sullivan, S., and K.D. Mullin. 1997. Killer whales (Orcinus orca) in the northern Gulf of Mexico. Marine
Mammal Science 13:141-147.

Pabst, D.A., S.A. Rommel, and W.A. McLellan. 1999. The functional morphology of marine mammals.
Pages 15-72 in J.E. Reynolds Ill and S.A. Rommel, eds. Biology of marine mammals.
Washington, D.C.: Smithsonian Institution.

Palacios, D.M., and B.R. Mate. 1996. Attack by false killer whales (Pseudorca crassidens) on sperm
whales (Physeter macrocephalus) in the Galapagos Islands. Marine Mammal Science 12(4):582-
587.

Panigada, S., M. Zanardelli, S. Canese, and M. Jahoda. 1999. Deep diving performances of
Mediterranean fin whales. Page 144 in Abstracts, Thirteenth Biennial Conference on the Biology
of Marine Mammals. 28 November - 3 December 1999. Wailea, Hawaii.

Payne, P.M., and D.W. Heinemann. 1993. The distribution of pilot whales (Globicephala spp.) in
shelf/shelf-edge and slope waters of the northeastern United States, 1978-1988. Reports of the
International Whaling Commission, Special Issue 14:51-68.

Payne, P.M., J.R. Nicolas, L. O'Brien, and K.D. Powers. 1986. The distribution of the humpback whale,
Megaptera novaeangliae, on Georges Bank and in the Gulf of Maine in relation to densities of the
sand eel, Ammodytes americanus. Fishery Bulletin 84:271-277.

Payne, P.M., D.N. Wiley, S.B. Young, S. Pittman, P.J. Clapham, and J.W. Jossi. 1990. Recent
fluctuations in the abundance of baleen whales in the southern Gulf of Maine in relation to
changes in selected prey. Fishery Bulletin 88:687-696.

Perrin, W.F. 2002. Stenella frontalis. Mammalian Species 702:1-6.

Perrin, W.F., and J.W. Gilpatrick, Jr. 1994. Spinner dolphin—Stenella longirostris (Gray, 1828). Pages 99-
128 in S.H. Ridgway and R. Harrison, eds. Handbook of marine mammals. Volume 5: The first
book of dolphins. San Diego: Academic Press.

Perrin, W.F., and A.A. Hohn. 1994. Pantropical spotted dolphin—Stenella attenuata. Pages 71-98 in S.H.
Ridgway and R. Harrison, eds. Handbook of marine mammals. Volume 5: The first book of
dolphins. San Diego: Academic Press.

3-53



NOVEMBER 2002 FINAL REPORT

Perrin, W.F., and J.G. Mead. 1994. Clymene dolphin—Stenella clymene (Gray, 1846). Pages 161-171 in
S.H. Ridgway and R. Harrison, eds. Handbook of marine mammals. Volume 5: The first book of
dolphins. San Diego: Academic Press.

Perrin, W.F., E.D. Mitchell, J.G. Mead, D.K. Caldwell, and P.J.H. van Bree. 1981. Stenella clymene, a
rediscovered tropical dolphin of the Atlantic. Journal of Mammalogy 62:583-598.

Perrin, W.F., E.D. Mitchell, J.G. Mead, D.K. Caldwell, M.C. Caldwell, P.J.H. van Bree, and W.H. Dawbin.
1987. Revision of the spotted dolphins, Stenella spp. Marine Mammal Science 3(2):99-170.

Perrin, W.F., D.K. Caldwell, and M.C. Caldwell. 1994a. Atlantic spotted dolphin—Stenella frontalis (G.
Cuvier, 1829). Pages 173-190 in S.H. Ridgway and R. Harrison, eds. Handbook of marine
mammals. Volume 5: The first book of dolphins. San Diego: Academic Press.

Perrin, W.F., C.E. Wilson, and F.I. Archer. 1994b. Striped dolphin—Stenella coeruleoalba (Meyen, 1833).
Pages 129-159 in S.H. Ridgway and R. Harrison, eds. Handbook of marine mammals. Volume 5:
The first book of dolphins. San Diego: Academic Press.

Perrin, W.F., S. Leatherwood, and A. Collet. 1994c. Fraser's dolphin—Lagenodelphis hosei (Fraser,
1956). Pages 225-240 in S.H. Ridgway and R. Harrison, eds. Handbook of marine mammals.
Volume 5: The first book of dolphins. San Diego: Academic Press.

Perry, S.L., D.P. DeMaster, and G.K. Silber. 1999. The great whales: History and status of six species
listed as endangered under the U.S. Endangered Species Act of 1973. Marine Fisheries Review
61:1-74.

Perryman, W.L., and T.C. Foster. 1980. Preliminary report on predation by small whales, mainly the false
killer whale, Pseudorca crassidens, on dolphins (Stenella spp. and Delphinus delphis) in the
eastern tropical Pacific. NMFS Administrative Report LJ 80-05:1-9.

Perryman, W.L.,, DW.K. Au, S. Leatherwood, and T.A. Jefferson. 1994. Melon-headed whale—
Peponocephala electra (Gray, 1846). Pages 363-386 in S.H. Ridgway and R. Harrison, eds.
Handbook of marine mammals. Volume 5: The first book of dolphins. San Diego: Academic
Press.

Pitman, R.L. 2002. Mesoplodont whales Mesoplodon spp. Pages 738-742 in W.F. Perrin, B. Wirsig, and
J.G.M. Thewissen, eds. Encyclopedia of marine mammals. San Diego: Academic Press.

Pivorunas, A. 1979. The feeding mechanisms of baleen whales. American Scientist 67:432-440.

Plon, S., and R. Bernard. 1999. The fast lane revisited: Life history strategies of Kogia from southern
Africa. Page 149 in Abstracts, Thirteenth Biennial Conference on the Biology of Marine Mammals.
28 November-3 December 1999. Wailea, Hawaii.

Polacheck, T. 1987. Relative abundance, distribution and inter-specific relationship of cetacean schools in
the eastern tropical Pacific. Marine Mammal Science 3(1):54-77.

Poole, M.M. 1995. Home ranges and population estimates of spinner dolphins at Moorea, French
Polynesia, as determined by photo-identification and Monte Carlo simulations. Page 92 in
Abstracts, Eleventh Biennial Conference on the Biology of Marine Mammals. 14 - 18 December
1995. Orlando, Florida.

Popov, V.V., and V.O. Klishin. 1998. EEG study of hearing in the common dolphin, Delphinus delphis.
Aquatic Mammals 24(1):13-20.

Powell, J.A., D.W. Belitsky, and G.B. Rathbun. 1981. Status of the West Indian manatee (Trichechus
manatus) in Puerto Rico. Journal of Mammalogy 62: 642-646.

Price, W.S. 1985. Whaling in the Caribbean: Historical perspective and update. Reports of the
International Whaling Commission 35:413-420.

Pryor, K., and |.K. Shallenberger. 1991. Social structure in spotted dolphins (Stenella attenuata) in the
tuna purse seine fishery in the eastern tropical Pacific. Pages 161-196 in K. Pryor and K.S.
Norris, eds. Dolphin societies: Discoveries and puzzles. Berkeley: University of California Press.

Rathbun, G.B., and E. Possardt. 1986. Recovery plan for the Puerto Rico population of the West Indian
(Antillean) manatee (Trichechus manatus manatus L.). Atlanta: U.S. Fish and Wildlife Service.

Rathbun, G.B., T. Carr, N. Carr, and C.A. Woods. 1985. The distribution of manatees and sea turtles in
Puerto Rico, with emphasis on Roosevelt Roads Naval Station. Final report. NTIS PB86-
1518347AS. Prepared for the Atlantic Division, Naval Facilities Engineering Command by the
Florida State Museum, University of Florida.

Rathjen, W.F., and J.R. Sullivan. 1970. West Indies whaling. Sea Frontiers 16(3):130-137.

Reeves, R.R., and E. Mitchell. 1988. Killer whale sightings and takes by American pelagic whalers in the
North Atlantic. Rit Fiskideilar (Journal of the Marine Institute of Reykjavik) 11:7-23.

3-54



NOVEMBER 2002 FINAL REPORT

Reeves, R.R., S.L. Swartz, S.E. Wetmore, and P.J. Clapham. 2001. Historical occurrence and distribution
of humpback whales in the eastern and southern Caribbean Sea, based on data from American
whaling logbooks. Journal of Cetacean Research and Management 3(2):117-129.

Reid, J.P. 1994. 1993 Annual report on the radio telemetry of manatees in Puerto Rico. Gainesville,
Florida: Sirenia Project, National Biological Survey.

Reid, J.P. 1995. 1994 Annual report to the Puerto Rico Department of Natural Resources on the radio
tracking of manatees in Puerto Rico. Gainesville, Florida: Sirenia Project, National Biological
Service.

Reid, J.P. 1996. 1995 Annual report to the U.S. Navy on the radio tracking of manatees at Roosevelt
Roads Naval Station, Puerto Rico. Gainesville, Florida: Sirenia Project, National Biological
Service.

Reid, J.P. 1997. 1996 Annual report to the U.S. Navy and Naval Station Roosevelt Roads on manatee
Studies in Eastern Puerto Rico. Gainesville, Florida: Sirenia Project, U.S. Geological
Survey/Biological Resources Division.

Reid, J.P., and R.K. Bonde. 1993. Can Puerto Rican manatees be tracked from space? The first satellite-
based telemetry of Trichechus manatus outside the continental United States. Page 90 in
Abstracts, Tenth Biennial Conference of the Biology of Marine Mammals. 11-15 November 1993.
Galveston, Texas.

Reid, J.P., and C.R. Kruer. 1998. Mapping and characterization of nearshore benthic habitats around
Vieques Island, Puerto Rico. Prepared for the U.S. Navy by Sirenia Project, U.S. Geological
Survey.

Reid, J.P., D. Easton, and W.J. Kenworthy. 2001. Manatee and seagrass habitat characterization in
Puerto Rico. Prepared for the U.S. Navy by Sirenia Project, U.S. Geological Survey.

Rhinehart, H.L., C.A. Manire, J.D. Buck, P. Cunningham-Smith, and D.R. Smith. 1999. Observations and
rehabilitation of rough-toothed dolphins, Steno bredanensis, treated at Mote Marine Laboratory
from two separate stranding events. Page 157 in Abstracts, Thirteenth Biennial Conference on
the Biology of Marine Mammals. 28 November-3 December 1999. Wailea, Hawaii.

Rice, D.W. 1989. Sperm whale—Physeter macrocephalus (Linnaeus, 1758). Pages 177-234 in S.H.
Ridgway and R. Harrison, eds. Handbook of marine mammals. Volume 4: River dolphins and the
larger toothed whales. San Diego: Academic Press.

Rice, D.W. 1998. Marine mammals of the world: Systematics and distribution. Special publication No. 4.
Lawrence, Kansas: Society for Marine Mammalogy.

Richardson, W.J. 1995. Marine mammal hearing. Pages 205-240 in W.J. Richardson, C.R. Greene, Jr.,
C.l. Malme, and D.H. Thomson, eds. Marine mammals and noise. San Diego: Academic Press.

Richardson, W.J., C.R. Greene, C.l. Malme, and D.H. Thomson. 1995. Marine mammals and noise. San
Diego: Academic Press.

Ridgway, S.H. 1986. Diving by cetaceans. Pages 33-62 in A.O. Brubakk, J.W. Kanwisher, and G.
Sundness, eds. Diving in animals and man. Trondheim, Norway: The Royal Norwegian Society of
Science and Letters.

Ridgway, S.H. 2000. The auditory central nervous system. Pages 273-293 in W.W.L. Au, A.N. Popper,
and R.R. Fay, eds. Hearing by whales and dolphins. New York: Springer-Verlag.

Ridgway, S.H., and D.A. Carder. 2001. Assessing hearing and sound production in cetaceans not
available for behavioral audiograms: Experiences with sperm, pygmy sperm, and gray whales.
Aquatic Mammals 27(3):267-276.

Ridgway, S.H., D.A. Carder, R.R. Smith, T. Kamolnick, C.E. Schlundt, and W.R. Elsberry. 1997.
Behavioral responses and temporary shift in masked hearing threshold of bottlenose dolphins,
Tursiops truncatus, to 1-second tones of 141 to 201 dB re 1 pPa. Technical Report 1751,
Revision 1. San Diego: Naval Sea Systems Command.

Robertson, K.M., and S.J. Chivers. 1997. Prey occurrence in pantropical spotted dolphins, Stenella
attenuata, from the eastern tropical Pacific. Fishery Bulletin 95:334-348.

Roden, C.L., and K.D. Mullin. 2000. Sightings of cetaceans in the northern Caribbean Sea and adjacent
waters, winter 1995. Caribbean Journal of Science 36(3-4):280-288.

Rodriguez Ferrer, G. 2001. The bottlenose dolphin (Tursiops truncatus Montague 1821) of the southwest
coast of Puerto Rico: An assessment of its status and habitat use. Master’s thesis, University of
Puerto Rico.

3-55



NOVEMBER 2002 FINAL REPORT

Rodriguez-Lopez, M.A., and A.A. Mignucci-Giannoni. 1999. A stranded pygmy killer whale (Feresa
attenuata) in Puerto Rico. Aquatic Mammals 25(2):119-121.

Rodriguez-Lépez, M.A., A.A. Mignucci-Giannoni, R.H. Boulon, and E.H. Williams. 1995. Herd stranding of
Atlantic spotted dolphins (Stenella frontalis) in St. John, United States Virgin Islands. Page 98 in
Abstracts, Eleventh Biennial Conference on the Biology of Marine Mammals. 14-18 December
1995. Orlando, Florida.

Rosario-Delestre, R.J., M.A. Rodriguez-Lopez, A.A. Mignucci-Giannoni, and J.G. Mead. 1999. New
records of beaked whales (Mesoplodon spp.) for the Caribbean. Caribbean Journal of Science
35(1-2):144-148.

Rosel, P.E. 2002. Personal communication via e-mail between Dr. Patricia E. Rosel, National Marine
Fisheries Service — National Ocean Service, and Ms. Dagmar Fertl, Geo-Marine, Inc., Plano,
Texas, 24 April.

Rosel, P.E., and L. Bero. 2001. Biogeographic patterns and genetic relationships of bottlenose dolphin
morphotypes in the northwest Atlantic. Page 183 in Abstracts, Fourteenth Biennial Conference on
the Biology of Marine Mammals. 28 November-3 December 2001. Vancouver, British Columbia.

Rosel, P.E., A.E. Dizon, and J.E. Heyning. 1994. Genetic analysis of sympatric morphotypes of common
dolphins genus Delphinus. Marine Biology 119:159-167.

Ross, G.J.B., and S. Leatherwood. 1994. Pygmy killer whale—Feresa attenuata Gray, 1874. Pages 387-
404 in S.H. Ridgway and R. Harrison, eds. Handbook of marine mammals. Volume 5: The first
book of dolphins. San Diego: Academic Press.

Santos, M.B., G.J. Pierce, J. Herman, A. Lépez, A. Guerra, E. Mente, and M.R. Clarke. 2001. Feeding
ecology of Cuvier's beaked whale (Ziphius cavirostris): A review with new information on the diet
of this species. Journal of the Marine Biological Association of the United Kingdom 81:687-694.

Schilling, M.R., I. Seipt, M.T. Weinrich, S.E. Frohock, A.E. Kuhlberg, and P.J. Clapham. 1992. Behavior of
individually-identified sei whales Balaenoptera borealis during an episodic influx into the southern
Gulf of Maine in 1986. Fishery Bulletin 90:749-755.

Schultz, KW., D.H. Cato, P.J. Corkeron, and M.M. Bryden. 1995. Low frequency narrow-band sounds
produced by bottlenose dolphins. Marine Mammal Science 11(4):503-509.

Scott, M.D., and K.L. Cattanach. 1998. Diel patterns in aggregations of pelagic dolphins and tuna in the
eastern Pacific. Marine Mammal Science 14(4):401-428.

Scott, M.D., A.A. Hohn, A.J. Westgate, J.R. Nicolas, B.R. Whitaker, and W.B. Campbell. 2001. A note on
the release and tracking of a rehabilitated pygmy sperm whale (Kogia breviceps). Journal of
Cetacean Research and Management 3(1):87-94.

Scott, T.M., and S.S. Sadove. 1997. Sperm whale, Physeter macrocephalus, sightings in the shallow
shelf waters off Long Island, New York. Marine Mammal Science 13(2):317-321.

Sears, R., J.M. Williamson, F.W. Wenzel, M. Bérubé, D. Gendron, and P. Jones. 1990. Photographic
identification of the blue whale (Balaenoptera musculus) in the Gulf of St. Lawrence, Canada.
Reports of the International Whaling Commission, Special Issue 12:335-342.

Selzer, L.A.,, and P.M. Payne. 1988. The distribution of white-sided (Lagenorhynchus acutus) and
common dolphins (Delphinus delphis) vs. environmental features of the continental shelf of the
northeastern United States. Marine Mammal Science 4(2):141-153.

Shane, S.H. 1990. Comparison of bottlenose dolphin behavior in Texas and Florida, with a critique of
methods for studying dolphin behavior. Pages 541-558 in S. Leatherwood and R.R. Reeves, eds.
The bottlenose dolphin. San Diego: Academic Press.

Shane, S.H. 1994. Occurrence and habitat use of marine mammals at Santa Catalina Island, California
from 1983-91. Bulletin of the Southern California Academy of Sciences 93:13-29.

Shane, S.H., R.S. Wells, and B. Wirsig. 1986. Ecology, behavior and social organization of the
bottlenose dolphin: A review. Marine Mammal Science 2(1):34-63.

Silva-Jr., .M., C. Sazima, J. Marigo, and |. Sazima. 2001. Feces and vomits of spinner dolphins as a food
source for reef fishes in the Archipelago of Fernando de Noronha, northeast Brazil. Page 197 in
Abstracts, Fourteenth Biennial Conference on the Biology of Marine Mammals. 28 November-3
December 2001. Vancouver, British Columbia.

Slijper, E.J., W.L. van Utrecht, and C. Naaktgeboren. 1964. Remarks on the distribution and migration of
whales, based on observations from Netherlands ships. Bijdragen Tot de Dierkunde 34:3-93.

3-56



NOVEMBER 2002 FINAL REPORT

Smith, T.D., R.B. Griffin, G.T. Waring, and J.G. Casey. 1996. Multispecies approaches to management of
large marine predators. Pages 467-490 in K. Sherman, N.A. Jaworski, and T.J. Smayda, eds.
The northeast shelf ecosystem: Assessment, sustainability, and management. Cambridge:
Blackwell Science.

Smith, T.D., J. Allen, P.J. Clapham, P.S. Hammond, S. Katona, F. Larsen, J. Lien, D. Mattila, P.J.
Palsball, J. Sigurjénsson, P.T. Stevick, and N. @ien. 1999. An ocean-basin-wide mark-recapture
study of the North Atlantic humpback whale (Megaptera novaeangliae). Marine Mammal Science
15(1):1-32.

Stacey, P.J., and R.W. Baird. 1991. Status of the false killer whale, Pseudorca crassidens, in Canada.
Canadian Field-Naturalist 105(2):189-197.

Stacey, P.J., S. Leatherwood, and R.W. Baird. 1994. Pseudorca crassidens. Mammalian Species 456:1-
5.

Steel, C., and J.G. Morris. 1982. The West Indian manatee: An acoustic analysis. American Zoologist
22(4):925.

Stenseth, N.C., A. Mysterud, G. Ottersen, J.W. Hurrell, K.Chan, and M. Lima. 2002. Ecological effects of
climate fluctuations. Science 297:1,292-1,296.

Stern, J.S. 1992. Surfacing rates and surfacing patterns of minke whales (Balaenoptera acutorostrata) off
central California, and the probability of a whale surfacing within visual range. Reports of the
International Whaling Commission 42:379-385.

Stern, J.S. 2002. Migration and movement patterns. Pages 742-748 in W.F. Perrin, B. Wirsig, and J.G.M.
Thewissen, eds. Encyclopedia of marine mammals. San Diego: Academic Press.

Stevick, P.T., N. dien, and D.K. Mattila. 1998. Migration of a humpback whale, Megaptera novaeangliae,
between Norway and the West Indies. Marine Mammal Science 14(1):162-166.

Stevick, P.T., C.A. Carlson, and K. Balcomb. 1999. A note on migratory destinations of humpback whales
from the eastern Caribbean. Journal of Cetacean Research and Management 1(3):251-254.

Stevick, P.T., B.J. McConnell, and P.S. Hammond. 2002. Patterns of movement. Pages 185-216 in A.R.
Hoelzel, ed. Marine mammal biology: An evolutionary approach. Oxford: Blackwell Science.

Stewart, B.S., and S. Leatherwood. 1985. Minke whale—Balaenoptera acuforostrata. Pages 91-136 in
S.H. Ridgway and R. Harrison, eds. Handbook of marine mammals. Volume 3: The sirenians and
baleen whales. San Diego: Academic Press.

Stone, G.S., S.K. Katona, A. Mainwaring, J.M. Allen, and H.D. Corbett. 1992. Respiration and surfacing
rates for finback whales (Balaenoptera physalus) observed from a lighthouse tower. Reports of
the International Whaling Commission 42:739-745.

Swartz, S.L., T. Cole, M. McDonald, J. Hildebrand, E. Oleson, C. Burks, P.J. Clapham, J. Barlow, and A.
Martinez. 2001. Visual and acoustic survey of humpback whales (Megaptera novaeangliae) in the
eastern and southern Caribbean Sea: Preliminary findings. NOAA Technical Memorandum
NMFS-SEFSC-456:1-37.

Swartz, S.L., A. Martinez, J. Stamates, C. Burks, and A.A. Mignucci-Giannoni. 2002. Acoustic and visual
survey of marine mammals in the waters of Puerto Rico and the Virgin Islands: February-March
2001. NOAA Technical Memorandum NMFS-SEFSC-463:1-62.

Swingle, W.M., S.G. Barco, T.D. Pitchford, W.A. McLellan, and D.A. Pabst. 1993. Appearance of juvenile
humpback whales feeding in the nearshore waters of Virginia. Marine Mammal Science 9(3):309-
315.

Szymanski, M.D., D.E. Bain, K. Kiehl, S. Pennington, S. Wong, and K.R. Henry. 1999. Killer whale
(Orcinus orca) hearing: Auditory brainstem response and behavioral audiograms. Journal of the
Acoustical Society of America 106(2):1134-1141.

Taruski, A.G., and H.E. Winn. 1976. Winter sightings of odontocetes in the West Indies. Cetology 22:1-
12.

Tershy, B.R. 1992. Body size, diet, habitat use, and social behavior of Balaenoptera whales in the Gulf of
California. Journal of Mammalogy 73(3):477-486.

Thode, A., D.K. Mellinger, S. Stienessen, A. Martinez, and K. Mullin. 2002. Depth-dependent acoustic
features of diving sperm whales (Physeter macrocephalus) in the Gulf of Mexico. Journal of the
Acoustical Society of America 112(1):308-321.

Thomas, J., N. Chun, W. Au, and K. Pugh. 1988. Underwater audiogram of a false killer whale
(Pseudorca crassidens). Journal of the Acoustical Society of America 84(3):936-940.

3-57



NOVEMBER 2002 FINAL REPORT

Thomas, J.A., J.L. Pawloski, and W.W.L. Au. 1990. Masked hearing abilities in a false killer whale
(Pseudorca crassidens). Pages 395-404 in J. Thomas and R. Kastelein, eds. Sensory abilities of
cetaceans. New York: Plenum Press.

Thomson, D.H., and W.J. Richardson. 1995. Marine mammal sounds. Pages 159-204 in W.J.
Richardson, C.R. Greene, Jr., C.I. Malme, and D.H. Thomson, eds. Marine mammals and noise.
San Diego: Academic Press.

Townsend, C.H. 1935. The distribution of certain whales as shown by logbook records of American
whaleships. Zoologica 19:1-50.

Toyos-Gonzalez, G.M., and A. Mignucci-Giannoni. 2001. Strandings of shortfin pilot whales (Globicephala
macrorhynchus) in the Caribbean. Page 217 in Abstracts, Fourteenth Biennial Conference on the
Biology of Marine Mammals. 28 November-3 December 2001. Vancouver, British Columbia.

Turl, C.W. 1993. Low-frequency sound detection by a bottlenose dolphin. Journal of the Acoustical
Society of America 94(5):3006-3008.

Urian, KW., D.A. Duffield, A.J. Read, R.S. Wells, and E.D. Shell. 1996. Seasonality of reproduction in
bottlenose dolphins, Tursiops truncatus. Journal of Mammalogy 77(2):394-403.

Urick, R.J. 1983. Principles of underwater sound. 3d ed. New York: McGraw-Hill.

USFWS (U.S. Fish and Wildlife Service). 2001. Florida manatee recovery plan, (Trichechus manatus
latirostris), third revision. Atlanta: U.S. Fish and Wildlife Service.

van Bree, P.J.H. 1975. Preliminary list of the cetaceans of the southern Caribbean. Studies on the Fauna
of Curacao and Other Caribbean Islands 160:79-87.

Waring, G.T., and J.T. Finn. 1995. Cetacean trophic interactions off the northeast USA inferred from
spatial and temporal co-distribution patterns. Unpublished Meeting Document, ICES C.M.
1995/N: 7. Copenhagen: International Council for the Exploration of the Sea.

Waring, G.T., and D.L. Palka. 2002. North Atlantic marine mammals. Pages 802-806 in W.F. Perrin, B.
Wirsig, and J.G.M. Thewissen, eds. Encyclopedia of marine mammals. San Diego: Academic
Press.

Waring, G.T., C.P. Fairfield, C.M. Ruhsam, and M. Sano. 1992. Cetaceans associated with Gulf Stream
features off the northeastern USA Shelf. Unpublished Meeting Document, ICES C.M. 1992/N:12.
Copenhagen: International Council for the Exploration of the Sea.

Waring, G.T., T. Hamazaki, D. Sheehan, G. Wood, and S. Baker. 2001. Characterization of beaked whale
and sperm whale summer habitats in shelf-edge and deeper waters off the northeast US. Marine
Mammal Science 17(4):703-717.

Waring, G.T., J.M. Quintal, and C.P. Fairfield, eds. 2002. Draft U.S. Atlantic and Gulf of Mexico marine
mammal stock assessments—2002. NOAA Technical Memorandum (number not provided)
Wartzok, D., and D.R. Ketten. 1999. Marine mammal sensory systems. Pages 117-175 in J.E. Reynolds
and S.A. Rommel, eds. Biology of marine mammals. Washington, D.C.: Smithsonian Institution

Press.

Watkins, W.A., and K.E. Moore. 1982. An underwater acoustic survey for sperm whales (Physeter
catodon) and other cetaceans in the southeast Caribbean. Cetology 46:1-7.

Watkins, W.A., and W.E. Schevill. 1977. Sperm whale codas. Journal of the Acoustical Society of
America 62(6):1485-1490.

Watkins, W.A., P. Tyack, K.E. Moore, and J.E. Bird. 1987. The 20-Hz signals of finback whales
(Balaenoptera physalus). Journal of the Acoustical Society of America 82(6):1901-1912.

Watkins, W.A., M.A. Daher, K.M. Fristrup, and T.J. Howald. 1993. Sperm whales tagged with
transponders and tracked underwater by sonar. Marine Mammal Science 9(1):55-67.

Watkins, W.A., M.A. Daher, K. Fristrup, and G. Notarbartolo di Sciara. 1994. Fishing and acoustic
behavior of Fraser's dolphin (Lagenodelphis hosei) near Dominica, southeast Caribbean.
Caribbean Journal of Science 30(1-2): 76-82.

Watkins, W.A., M.A. Daher, A. Samuels, and D.P. Gannon. 1997. Observations of Peponocephala
electra, the melon-headed whale, in the southeastern Caribbean. Caribbean Journal of Science
33(1-2):34-40.

Watkins, W.A., M.A. Daher, N.A. DiMarzio, A. Samuels, D. Wartzok, K.M. Fristrup, P.W. Howey, and R.R.
Maiefski. 2002. Sperm whale dives tracked by radio tag telemetry. Marine Mammal Science
18(1):55-68.

Weilgart, L.S., and H. Whitehead. 1997. Group-specific dialects and geographical variation in coda
repertoire in South Pacific sperm whales. Behavioral Ecology and Sociobiology 40:277-285.

3-58



NOVEMBER 2002 FINAL REPORT

Weinrich, M.T., M.R. Schilling, and C.R Belt. 1992. Evidence for acquisition of a novel feeding behavior:
Lobtail feeding in humpback whales, Megaptera novaeangliae. Animal Behaviour 44:1059-1072.

Weinrich, M.T., M. Martin, R. Griffiths, J. Bove, and M. Schilling. 1997. A shift in distribution of humpback
whales, Megaptera novaeangliae, in response to prey in the southern Gulf of Maine. Fishery
Bulletin 95:826-836.

Weller, D.W., B. Wirsig, H. Whitehead, J.C. Norris, S.K. Lynn, R\W. Davis, N. Clauss, and P. Brown.
1996. Observations of an interaction between sperm whales and short-finned pilot whales in the
Gulf of Mexico. Marine Mammal Science 12(4):588-594.

Wells, R.S., and K.S. Norris. 1994. The island habitat. Pages 31-53 in K.S. Norris, B. Wiirsig, R.S. Wells,
and M. Wiirsig, eds. The Hawaiian spinner dolphin. Berkeley: University of California Press.

Wells, R.S., and M.D. Scott. 1999. Bottlenose dolphin - Tursiops truncatus (Montagu, 1821). Pages 137-
182 in S.H. Ridgway and R. Harrison, eds. Handbook of marine mammals. Volume 6: The
second book of dolphins and the porpoises. San Diego: Academic Press.

Wells, R.S., M.D. Scott, and A.B. Irvine. 1987. The social structure of free-ranging bottlenose dolphins.
Pages 247-305 in H.H. Genoways, ed. Current mammalogy. Volume 1. New York: Plenum Press.

Wells, R.S., L.J. Hansen, A. Baldridge, T.P. Dohl, D.L. Kelly, and R.H. Defran. 1990. Northward extension
of the range of bottlenose dolphins along the California coast. Pages 421-431 in S. Leatherwood
and R.R. Reeves, eds. The bottlenose dolphin. San Diego: Academic Press.

Wells, R.S., H.L. Rhinehart, P. Cunningham, J. Whaley, M. Baran, C. Koberna, and D.P. Costa. 1999.
Long distance offshore movements of bottlenose dolphins. Marine Mammal Science 15(4):1098-
1114.

Wenzel, F., D.K. Mattila, and P.J. Clapham. 1988. Balaenoptera musculus in the Gulf of Maine. Marine
Mammal Science 4(2):172-175.

Whitehead, H. 1982. Populations of humpback whales in the northwest Atlantic. Reports of the
International Whaling Commission 32:345-353.

Whitehead, H. 1997. Sea surface temperature and the abundance of sperm whales off the Galapagos
Islands: Implications for the effects of global warming. Reports of the International Whaling
Commission 47:941-944.

Whitehead, H.P., and J. Carscadden. 1985. Predicting inshore whale abundance-whales and capelin off
the Newfoundland coast. Canadian Journal of Fisheries and Aquatic Sciences 42:976-981.
Whitehead, H., and M.J. Moore. 1982. Distribution and movements of West Indian humpback whales in

winter. Canadian Journal of Zoology 60:2203-2211.

Whitehead, H., and L. Weilgart. 1991. Patterns of visually observable behaviour and vocalizations in
groups of female sperm whales. Behaviour 118:276-296.

Whitehead, H., and L. Weilgart. 2000. The sperm whale: Social females and roving males. Pages 154-
172 in J. Mann, R.C. Connor, P.L. Tyack, and H. Whitehead, eds. Cetacean societies: Field
studies of dolphins and whales. Chicago: University of Chicago Press.

Whitehead, H., S. Brennan, and D. Grover. 1992. Distribution and behaviour of male sperm whales on the
Scotian Shelf, Canada. Canadian Journal of Zoology 70:912-918.

Wiley, D.N., R.A. Asmutis, T.D. Pitchford, and D.P. Gannon. 1995. Stranding and mortality of humpback
whales, Megaptera novaeangliae, in the mid-Atlantic and southeast United States, 1985-1992.
Fishery Bulletin 93:196-205.

Willis, P.M, and R.W. Baird. 1998. Status of the dwarf sperm whale, Kogia simus, with special reference
to Canada. Canadian Field-Naturalist 112(1):114-125.

Winn, H.E., and P.J. Perkins. 1976. Distribution and sounds of the minke whale, with a review of
mysticete sounds. Cetology 19:1-12.

Winn, H.E., R.K. Edel, and A.G. Taruski. 1975. Population estimate of the humpback whale (Megaptera
novaeangliae) in the West Indies by visual and acoustic techniques. Journal of the Fisheries
Research Board of Canada 32(4):499-506.

Woodley, T.H., and D.E. Gaskin. 1996. Environmental characteristics of North Atlantic right and fin whale
habitat in the lower Bay of Fundy, Canada. Canadian Journal of Zoology 74:75-84.

Wormuth, J.H., P.H. Ressler, R.B. Cady, and E.J. Harris. 2000. Zooplankton and micronekton in cyclones
and anticyclones in the northeast Gulf of Mexico. Gulf of Mexico Science 18(1):23-34.

Wirsig, B., and M. Wirsig. 1977. The photographic determination of group size, composition, and
stability of coastal porpoises (Tursiops fruncatus). Science 198:755-756.

3-59



NOVEMBER 2002 FINAL REPORT

Wirsig, B., S.K. Lynn, T.A. Jefferson, and K.D. Mullin. 1998. Behaviour of cetaceans in the northern Gulf
of Mexico relative to survey ships and aircraft. Aquatic Mammals 24(1):41-50.

Wirsig, B., R.R. Reeves, and J.G. Ortega-Ortiz. 2002. Global climate change and marine mammals.
Pages 589-608 in P.G.H. Evans and J.A. Raga, eds. Marine mammals: Biology and conservation.
New York: Kluwer Academic/Plenum Publishers.

Wynne, K., and M. Schwartz. 1999. Guide to marine mammals & turtles of the U.S. Atlantic & Gulf of
Mexico. Narragansett: Rhode Island Sea Grant.

Yochem, P.K., and S. Leatherwood. 1985. Blue whale—Balaenoptera musculus. Pages 193-240 in S.H.
Ridgway and R. Harrison, eds. Handbook of marine mammals. Volume 3: The sirenians and
baleen whales. San Diego: Academic Press.

Young, D.D., and V.G. Cockcroft. 1994. Diet of common dolphins (Delphinus delphis) off the south-east
coast of southern Africa: Opportunism or specialization? Journal of Zoology, London 234:41-53.

3-60



NOVEMBER 2002 FINAL REPORT

3.2 SEA TURTLES
3.2.1 Introduction

Sea turtles are long-lived, air-breathing reptiles found throughout the world’s tropical, subtropical, and
temperate seas (CCC 1996). There are seven living species of sea turtle from two distinct families, the
Cheloniidae (hard-shelled sea turtles) and the Dermochelyidae (leatherback sea turtles). Sea turtles in
these families are distinguished from one another on the basis of their carapace (upper shell) structure.
An important marine resource, sea turtles are of nutritional, economic, and existence (non-use) value to
humans. However, over the last few centuries, sea turtle populations throughout the world have declined
dramatically as a result of anthropogenic activities such as coastal development, oil exploration,
commercial fishing, marine-based recreation, pollution, and over-harvesting (NRC 1990; Eckert 1995).

Sea turtles are highly adapted for life in the marine environment. They are unlike terrestrial and
freshwater turtles in that they possess powerful, modified forelimbs (or flippers) that enable them to swim
continuously for extended periods of time (Wyneken 1997). Sea turtles have also developed a compact
and streamlined body plan that helps to reduce drag while underwater. Additionally, sea turtles have
evolved physiological traits and behavioral patterns that allow them to spend as little as 3% to 6% of their
time at the water’s surface (Lutcavage and Lutz 1997), permitting highly efficient foraging and traveling.
Sea turtles often travel thousands of miles between their nesting beaches, mating areas, developmental
habitats, and adult feeding grounds; migratory activities which would not be possible without the
aforementioned suite of adaptations (Ernst et al. 1994; Meylan 1995). The traits and behaviors of sea
turtles also protect them from predation. Sea turtles armor themselves physically by developing a tough
outer shell and growing to a large size as adults (Ernst et al. 1994). Mature leatherback sea turtles can
weigh over 450 kilograms (kg). Growing to a large size as adults is important because sea turtles cannot
withdraw their head or limbs into their shell. As young individuals, sea turtles will evade predation
behaviorally by residing in habitats that are either structurally complex or moderately shallow, where
predators such as sharks, marine crocodiles, and large fishes do not have easy access (Musick and
Limpus 1997).

Although they are specialized for life at sea, sea turtles begin their lives on land. Aside from this brief
terrestrial period, which lasts approximately three months as an egg and an additional few minutes to a
few hours as a hatchling scrambling to the surf, sea turtles are rarely encountered out of the water. Sea
turtles return to land primarily to nest, although certain species in Hawaii return in order to bask while
others throughout the world return when injured (Spotila et al. 1997). These activities are infrequent yet
often vital to the continued existence of a sea turtle (Musick and Limpus 1997). Sea turtles observed on
land are most often females since males are not involved in the nesting process and likely gain fewer
benefits from basking on land than females (Spotila et al. 1997). Scientists have determined that females
bask not only to thermoregulate and elude predators, but also to avoid harmful mating encounters with
male turtles and possibly to accelerate the development of their eggs (Spotila et al. 1997).

Female sea turtles nest in tropical, subtropical, and warm-temperate latitudes, often in the same region
where they were born (Miller 1997). Upon selecting a suitable nesting beach, female sea turtles tend to
re-nest in relatively close proximity during subsequent nesting attempts. In the Caribbean region nesting
occurs year-round. Female sea turtles usually lay several clutches of eggs during a nesting season, with
each clutch containing between 50 and 200 eggs, depending upon the species (Witzell 1983; Dodd 1988;
Hirth 1997). Most females, with the possible exception of Kemp’s ridleys, do not nest in consecutive
years, typically skipping two or three years before returning (Marquez-M. 1994; Ehrhart 1995). Nesting
success is vital to the long-term existence of sea turtles, as roughly one in every 1,000 sea turtle
hatchlings survives long enough to reproduce (Frazer 1986).

During the nesting season, daytime temperatures on tropical, subtropical, and warm-temperate beaches
can be lethal. As a result, adult sea turtles often nest and hatchlings often emerge from their nest at night
(Miller 1997). After emerging from the nest, sea turtle hatchlings use visual cues (e.g., light intensity or the
wavelength of light) to orient themselves towards the sea (Lohmann et al. 1997). Hatchlings have a
strong tendency to crawl in the direction of the brightest light, which on most beaches is towards the
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ocean/sky horizon (Ernst et al. 1994). Some hatchlings, however, never make it into the water. On the
beach, sea turtle hatchlings are easy prey for seabirds during the day and scavenging crabs and
mammals at night. Hatchlings can also suffer the effects of disorientation if artificial beachfront lighting
appears brighter than the seaward horizon (Lutcavage et al. 1997). Those hatchlings that do make it
offshore will spend the first few years of their lives in oceanic waters, drifting in convergence zones and
Sargassum rafts where they find refuge and food (mostly pelagic invertebrates) in items that accumulate
in surface circulation features (Carr 1987). Originally labeled the “lost year,” this stage in a sea turtle’s life
history is now known to be much longer in duration, possibly lasting ten years or more (Chaloupka and
Musick 1997; Bjorndal et al. 2000). Post-hatchling sea turtles spend nearly a decade growing in the
pelagic “early juvenile nursery habitat” before migrating to distant feeding grounds, which are known as
the “later juvenile development habitat” (Musick and Limpus 1997; Eckert and Abreu-Grobois 2001).
Shallow nearshore and inshore waters represent the developmental habitat most often utilized by hard-
shelled sea turtles. For leatherback sea turtles, however, the developmental habitat can be either a
coastal feeding area in temperate waters or an offshore feeding area in tropical waters depending upon
the season.

Once in the developmental habitat, most sea turtles modify their foraging behavior from surface to benthic
feeding and will begin to feed upon larger items such as crustaceans, mollusks, sponges, coelenterates,
fishes, and seagrasses (depending upon the species) (Bjorndal 1997). An exception is the leatherback
sea turtle, which will feed on pelagic soft-bodied invertebrates at both the surface and at great depths.
Sea turtles do not have teeth, but their jaws have modified “beaks” suited to their particular diet (Mortimer
1995). The diet exhibited by a sea turtle varies according to the habitat in which it feeds and its preferred
prey. Sea turtles undergo complex seasonal movements, which are influenced by changes in ocean
currents, turbidity, salinity, and food availability. Sea turtles possess a specialized digestive system so
that a diverse array of food items can be consumed (Mortimer 1995).

In addition to the above factors, distribution for many sea turtle species is dependent upon (and often
restricted by) water temperature (Lutcavage and Musick 1985; Epperly et al. 1995a; Coles and Musick
2000). Most sea turtles become lethargic at temperatures below 10°C and above 40°C (Spotila et al.
1997). Coles and Musick (2000) observed that the range of each species’ preferred water temperature
regulates sea turtle distribution. The normal range of water temperatures that sea turtles prefer is from
13.3° to 28°C (Coles and Musick 2000). Sea turtles’ preferred temperature ranges vary across age
classes and species as well as seasons. As a species, leatherback sea turtles have a much wider range
of preferred temperatures than other species because they can maintain warm body temperatures in the
North Atlantic and can avoid overheating in the tropics (Spotila et al. 1997).

Although sea turtles are nearsighted out of water, their vision underwater is very good. Their sense of
smell is also very keen (Ernst et al. 1994), and a sea turtle likely uses olfaction in conjunction with sight
during foraging. Sea turtle hearing sensitivity is not well studied. Reception of sound through bone
conduction, with the skull and shell acting as receiving structures, is hypothesized to occur in some sea
turtle species (Lenhardt et al. 1983). A few preliminary investigations using adult green, loggerhead, and
Kemp’s ridley turtles suggest that they are most sensitive to low-frequency sounds (Ridgway et al. 1969;
Lenhardt et al. 1983; Bartol et al. 1999). An anecdotal observation of a leatherback’s response to the
sound of a boat motor suggests that leatherbacks may be sensitive to low-frequency sounds, but the
response could have been to mid- or high-frequency components of the sound (ARPA 1995).

The range of maximum sensitivity for sea turtles is 100 to 800 Hertz (Hz), with an upper limit of about
2,000 Hz (Lenhardt 1994). Hearing below 80 Hz is less sensitive but still potentially usable to the animal
(Lenhardt 1994). Green sea turtles are most sensitive to sounds between 200 and 700 Hz, with peak
sensitivity at 300 to 400 Hz. They possess an overall hearing range of approximately 100 to 1,000 Hz
(Ridgway et al. 1969). Bartol et al. (1999) reported that juvenile loggerhead sea turtles hear sounds
between 250 and 1,000 Hz; however, O’'Hara and Wilcox (1990) found that they would often avoid
sources of low-frequency sound. Finally, sensitivity even within the optimal hearing range is apparently
low—threshold detection levels in water are relatively high at 160 to 200 decibels with a reference
pressure of 1 micropascal (dB re 1 pyPa-m) (Lenhardt 1994). In terms of sound emission, nesting
leatherback sea turtles produce sounds in the 300 to 500 Hz range (Mrosovksy 1972).
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For further information on the biology, life history, and conservation of sea turtles, the following
organizations’ websites are extremely useful: the Archie Carr Center for Sea Turtle Research
(http://accstr.ufl.edu/index.html), the Caribbean Conservation Corporation (http://www.cccturtle.org), and
seaturtle.org (http://www.seaturtle.org). Other important resources include Proceedings from the Annual
Symposium on Sea Turtle Biology and Conservation, Lutz and Musick (1997), and Bjorndal (1995).

322 Sea Turtles of the PROA/St. Croix OPAREA

Of the seven living species of sea turtle, six have been documented to occur in the wider Caribbean
region (Eckert and Abreu-Grobois 2001). These include the leatherback (Dermochelys coriacea), green
(Chelonia mydas), hawksbill (Eretmochelys imbricata), loggerhead (Caretta caretta), Kemp’s ridley
(Lepidochelys kempii), and olive ridley (Lepidochelys olivacea) sea turtles (Table 3-2). All six species are
protected under the ESA. The hawksbill, Kemp’s ridley, and leatherback are listed as endangered, while
the loggerhead is listed as threatened. As a species, the green and olive ridley sea turtles are also listed
as threatened although specific nesting populations are currently listed as endangered. Not all green sea
turtles found in the Caribbean, however, are from the Florida population (Bass and Witzell 2000).

Table 3-2. Sea turtle species potentially occurring in the PROA/St. Croix OPAREA and vicinity.
Taxonomy follows Pritchard (1997).

Scientific Name Status
Order Testudines (turtles)
Suborder Cryptodira (hidden-necked turtles)

Family Dermochelyidae (leatherback sea turtle)
Leatherback sea turtle Dermochelys coriacea Endangered

Family Cheloniidae (hard-shelled sea turtles)
Green sea turtle Chelonia mydas Threatened®
Hawksbill sea turtle Eretmochelys imbricata Endangered
Loggerhead sea turtle Caretta carefta Threatened
Kemp’s ridley sea turtle Lepidochelys kempii Endangered
Olive ridley sea turtle Lepidochelys olivacea Threatened”

@ As a species, the green sea turtle is listed as threatened. However, the Florida and Mexican Pacific coast nesting
populations are listed as endangered. It should be noted that only a fraction of green sea turtles found in the
PROA/St. Croix OPAREA and vicinity come from the Florida population.

®As a species, the olive ridley sea turtle is listed as threatened. However, the Mexican Pacific coast nesting
population is listed as endangered.

Puerto Rico and the Virgin Islands provide critical nesting, foraging, and developmental habitat for three
species of sea turtle: the leatherback, green, and hawksbill (Hillis-Starr et al. 1998). The loggerhead has
also been documented to occur in the waters surrounding these islands but on infrequent occasions
(Rainey 1979). The waters around Puerto Rico and the Virgin Islands are attractive to sea turtles because
they are warm year-round, they provide a diverse mosaic of feeding habitats (from shallow coral reefs
and seagrass beds to deep water trenches), and they provide easy access to suitable nesting beaches.

All available sea turtle sighting (aerial and ship survey), stranding, incidental fisheries bycatch, nest, and
track occurrence records (Appendix A, Table A-2) were used to predict the spatial and temporal
occurrences of the six sea turtle species that may occur in the vicinity of the PROA/St. Croix OPAREA.
The occurrence records from the ship surveys were strictly opportunistic as these surveys were dedicated
marine mammal surveys and the sightability of sea turtles from ships is low. An occurrence record,
regardless of its source, does not reflect the number of sea turtles as multiple individuals of a species are

3-63



NOVEMBER 2002 FINAL REPORT

often sighted at the same time at the same location. Therefore, the occurrence records shown on the map
figures that accompany this section represent the number of data records collected, not the number of
sea turtles observed. The process by which the occurrence predictions and map figures were created is
described in detail in Section 1.4.2.2.

The occurrence of sea turtles in the PROA/St. Croix OPAREA may vary seasonally (winter=January
through March; spring=April through June; summer=July through September; fall=October through
December). It should be noted that the number of sea turtle occurrence records in a given area is often as
much a function of the source or type of data (aerial or shipboard sighting records versus stranding
records), level of effort, and sighting conditions (such as calm seas) as the actual abundance of sea
turtles in that area. The greatest number of sea turtle occurrences within the PROA/St. Croix OPAREA
grid blocks from sighting, stranding, and fisheries bycatch records were found in summer and fall (501
and 341, respectively; Appendix C, Table C-1), undoubtedly as a result of greater survey effort and better
sighting conditions during these seasons. Fewer occurrences were recorded during winter and spring (61
and 254, respectively; Table C-1) when survey effort was lower and sighting conditions were less than
optimal. For each season, however, no more than three sea turtle species were recorded within the
OPAREA.

On the map figures, various types of shading and terminology designate the occurrence of sea turtles in
the PROA/St. Croix OPAREA. “Expected occurrence” (area shaded in light blue) is defined as the area
encompassing the expected distribution of a species based on what is known of its habitat preferences,
life history, and the available sighting, stranding, nest, and track data. “Concentrated occurrence” (area
shaded in dark blue) is the subarea of a species' expected occurrence where there is the highest
likelihood of encountering that species; the designation is based primarily on areas of concentrated
sightings and preferred habitat. “Low/unknown occurrence” (pattern-filled area) is the area where the
likelihood of encountering a species is rare or not known. It should be noted that, for any given area, a
description of sea turtles known to occur in that area is as much a function of survey type (beach survey,
stranding data collection, aerial or shipboard survey) and level of effort and sighting conditions (such as
calm seas) as actual animal occurrences. “Occurrence not expected,” (white, unmarked area) indicates
the area where a species encounter is not expected.

Sea turtles are expected to occur throughout the PROA/St. Croix OPAREA during all seasons (Appendix
C, Figure C-1) due to the preference of shallow benthic habitats by green and hawksbill sea turtles and
the preference of deeper pelagic habitats by leatherback sea turtles. Sea turtles concentrate year-round
in the waters surrounding Culebra, PR; Vieques, PR; Buck Island, USVI; and eastern St. Croix, USVI, as
well as along the east coast of Puerto Rico near from Naval Station Roosevelt Roads south to Humacao
(Hillis-Starr et al. 1998; Eckert and Abreu-Grobois 2001; Fleming 2001). They also will concentrate in the
waters around Sandy Point, St. Croix, USVI but only during the spring and summer, as a result of
leatherback sea turtles coming from great distances to nest over a four-month period (Eckert and Eckert
1983; Boulon et al. 1996; Fleming 2001).

¢+ Leatherback Sea Turtle (Dermochelys coriacea)

Description—The leatherback is the largest living sea turtle. These sea turtles are placed in the
family Dermochelyidae, a separate family from all other sea turtles, in part because of their unique
carapace structure. The carapace lacks the outer layer of horny scutes possessed by all other sea
turtles; it is instead composed of a flexible layer of dermal bones underlying tough, oily connective
tissue and smooth skin. The body is barrel-shaped and tapered to the rear, with seven longitudinal
dorsal ridges, and is almost completely black with variable spotting. Every adult leatherback
possesses a unique spot on the dorsal surface of its head, a marking that can be used by scientists to
identify specific individuals (McDonald and Dutton 1996). Adult carapace lengths range from 130 to
180 centimeters (cm) (NMFS and USFWS 1992), with a maximum of 256.5 cm (Ernst et al. 1994).

Status—Leatherback sea turtles are classified as endangered under the ESA. There are an
estimated 20,000 to 30,000 leatherbacks in the North Atlantic Ocean (Coren 2000). The worldwide
population of leatherbacks in 1995 was approximately 34,500 nesting females, with confidence limits
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of 26,200 to 42,900 (Spotila et al. 1996). Nesting populations using the beaches of southern Florida,
Culebra, and St. Croix are believed to be increasing due to heightened protection and monitoring of
the nesting habitat over the past twenty years (Hillis-Starr et al. 1998; Fleming 2001; FMRI 2002).

Habitat Preferences—Adult leatherback sea turtles are known to range from mid-ocean to the
continental shelf and nearshore waters (Schroeder and Thompson 1987; Shoop and Kenney 1992;
Grant and Ferrell 1993; Epperly et al. 1995a, 1995b). The distributions and movements of these
turtles appear to be linked to the seasonal availability of their prey and the requirements of their
reproductive cycle (Collard 1990a; Davenport and Balazs 1991). Critical habitat for the leatherback
sea turtle includes the waters adjacent to Sandy Point, St. Croix (the largest leatherback rookery
under U.S. jurisdiction) out to 183 meters (m) in depth with boundaries at 17°42’12"N and 64°50°00"W
(Eckert and Eckert 1983; Boulon et al. 1996; Fleming 2001; NMFS 2001) (Figure 3-2).

Distribution—The leatherback sea turtle is distributed circumglobally in tropical and warm-temperate
waters throughout the year and into cooler temperate waters during warmer months (Ernst et al.
1994). Leatherbacks in the North Atlantic are broadly distributed from the Caribbean region to as far
north as Nova Scotia, Newfoundland, Labrador, Iceland, the British Isles, and Norway (Ernst et al.
1994). This species migrates further and moves into cold waters more than any other sea turtle
species (Bleakney 1965; Lazell 1980; Shoop and Kenney 1992). This species is also the most
oceanic and most wide-ranging of sea turtles, undertaking extensive migrations following depth
contours for hundreds, even thousands, of kilometers (Morreale et al. 1996; Hughes et al. 1998).
Using satellite telemetry, it was determined that female leatherback turtles migrating through the
Pacific Ocean are using similar, and in some cases virtually identical, pathways or ocean corridors
through which to travel (Morreale et al. 1996).

In the western North Atlantic, leatherbacks show strong seasonal distribution patterns and extensive
migrations. Tag returns from individuals tagged at tropical nesting beaches have documented some
of the longest migrations of any reptile (Meylan 1995). Female turtles tagged in the USVI, Colombia,
French Guiana, and Costa Rica have been found stranded along the Atlantic and Gulf coasts of the
U.S. (Thompson et al. 2001). One leatherback caught in the Chesapeake Bay was tagged, released,
and then caught again over a year later off southern Cuba, a minimum distance of 2,168 kilometers
(km) (Keinath and Musick 1990). Tagging studies also indicate many variations in overwintering and
onshore-offshore occurrence patterns (Lee and Palmer 1981). For example, a leatherback satellite-
tagged at a nesting beach in Florida traveled to Virginia, staying within 100 km of shore, and spent
four months in the area (CCC 2002).

The seasonal occurrence of large subadult and adult leatherbacks off the Atlantic coast of the U.S.
and Canada appears to vary with latitude. Aerial survey results along the western North Atlantic coast
of North America suggest there are seasonal movements of large juvenile to adult-sized leatherbacks
from the southeastern coast in the spring to the mid-Atlantic, New England, and Canadian coastal
waters in the summer (CETAP 1982; Shoop and Kenney 1992; Thompson et al. 2001). The number
of strandings correlates with the seasonal occurrences in these areas (Thompson et al. 2001).
Monthly sighting frequencies are highest along the northeastern U.S. between June and October,
with a maximum in September (Shoop and Kenney 1992). Two areas of high summer abundance
occur in the northeastern U.S.: south of Long Island and in the central and eastern Gulf of Maine
(Shoop and Kenney 1992). In North Carolina, the leatherback sea turtle usually occurs from mid-April
through mid-October in relatively shallow waters (Lee and Palmer 1981; Keinath et al. 1996). The
coastal area immediately adjacent to Cape Hatteras has long been recognized as a migratory
pathway for leatherbacks (Lee and Palmer 1981; NRDC 2000).

Nesting beaches used by leatherbacks in the western North Atlantic are restricted to the tropics
(NMFS and USFWS 1992). Nesting occurs along the coasts of South, Central, and North America
from Brazil to Mexico and throughout the West Indies, with significant populations in French Guiana,
Surinam, and Costa Rica (Ernst et al. 1994). In the eastern Caribbean, leatherback sea turtles nest
annually on beaches in northern Puerto Rico, Culebra, Vieques, and St. Croix (Hillis-Starr et al.
1998). Leatherbacks prefer to nest on open sand beaches that are backed with vegetation, are
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Figure 3-2. Critical habitat for leatherback sea turtles. Critical habitat includes waters adjacent to Sandy Point,
St. Croix, USVI up to and inclusive of the waters from the mean high water line to 183 m in depth with
boundaries at 17°42’12”N and 64°50°00”W. Source information: NMFS (2001).
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sufficiently inclined, and are in close proximity to deep water (DoN 2001). Once the nesting season is
over, most leatherbacks in the Caribbean leave the tropics for feeding grounds further north.

> Information Specific to PROA/St. Croix OPAREA—The available leatherback sea turtle sighting,
stranding, nest, and track data indicate that this species is most common in the waters of the
Puerto Rico Platform during spring and summer, the time of year when nesting activity peaks
(Figure C-2). Leatherback occurrence during these two seasons is concentrated in the waters
surrounding Sandy Point, St. Croix and Culebra, as these two areas experience the highest rates
of leatherback nesting in the PROA/St. Croix OPAREA region (Fleming 2001). Since
leatherbacks only enter the shallow waters of the Caribbean region during the nesting season,
the occurrence of this species on the continental shelf is low/unknown during fall and winter
(Hillis-Starr et al. 1998).

For all seasons, the waters of the PROA/St. Croix OPAREA beyond the continental shelf break
are labeled as areas of expected occurrence. This is due to the leatherback’s affinity for
extremely deep water and the possibility that these waters serve as early juvenile nursery habitat
for leatherbacks that hatch on beaches in the Greater and Lesser Antilles. Leatherback sea
turtles likely venture through the deepest waters of the OPAREA on their way to and from the
nesting beach, as well as during inter-nesting intervals (the period of time between successive
nesting events) (Figure 3-3).

Behavior and Life History—The wider range of leatherbacks when compared to other sea turtles is
likely due to their highly evolved thermoregulatory capabilities. Leatherbacks can maintain body core
temperatures well above ambient. For example, a leatherback caught off Nova Scotia had a body
temperature of 25.5°C in water that was 7.5°C (Frair et al. 1972). A variety of studies have shown that
leatherbacks have a range of anatomical and physiological adaptations that enable them to regulate
internal body temperatures (Mrosovsky and Pritchard 1971; Greer et al. 1973; Neill and Stevens
1974; Paladino et al. 1990).

Leatherback sea turtles predominantly feed upon gelatinous zooplankton such as jellyfish and salps
(Bjorndal 1997); however, a wide variety of other prey items are known (NMFS and USFWS 1992). In
the North Atlantic Ocean, the primary prey appears to be the lion’s-mane or arctic jellyfish (Lazell
1980). Leatherbacks feed throughout the water column from the surface to depths as far as 1,200 m
(Eisenberg and Frazier 1983; Davenport 1988). Studies of leatherback sea turtle diving patterns off
St. Croix suggested that nocturnal foraging on the deep-scattering layer was taking place (S. Eckert
et al. 1989).

Mating is thought to occur prior to or during the migration from temperate to tropical waters (Eckert
and Eckert 1988). Typical clutches range in size from 50 to over 150 eggs, with the incubation period
lasting around 65 days. Females lay an average of five to seven clutches in a single season (with a
maximum of 11) at 8- to 10-day intervals or longer (NMFS and USFWS 1992). Females remain in the
general vicinity of the nesting habitat during inter-nesting periods, with total residence in the
nesting/inter-nesting habitats lasting up to four months (K. Eckert et al. 1989; Keinath and Musick
1993). Most adult females return to nest on their natal beach every two years; however, remigration
intervals (the number of years between successive nesting seasons) between one and five years
have been recorded (Boulon et al. 1996). The nesting season of the western North Atlantic
leatherback stock is mainly from March to July (NMFS and USFWS 1992).

The leatherback is the deepest diving sea turtle. Dive depth likely depends on the reason for the dive
and the proximity to shore; leatherbacks closer to shore probably make shallower dives than those in
the open ocean (Ernst et al. 1994). Average dive depths from tagging studies off the continental shelf
of St. Croix are 35 to 122 m, with estimated maximum depths of over 1,000 m (S. Eckert et al. 1989).
Typical dive durations average 6.9 to 14.5 minutes (min) per dive, with a maximum of 42 min (Eckert
et al. 1986; S. Eckert et al. 1989). Routine dive lengths for leatherbacks around St. Croix can range
from 4 to 14.5 min. Day dives around St. Croix were deeper and longer than those at night. Eckert et
al. (1996) described leatherback sea turtle diving off Malaysia, where the bottom depth barely
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Figure 3-3. Inter-nesting movements of a satellite-tagged leatherback sea turtle within the PROA/St. Croix
OPAREA from 3 through 21 May 1989. Over this 19-day period the adult female nested at Sandy Point,
St. Croix, USVI; on the northern shore of Vieques, PR; and on Culebra, PR. Map adapted from: Keinath

and Musick (1993).
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reaches 60 m. Bottom times were greater than 3 min in 47% of all dives in this shallow-water habitat.
Standora et al. (1984) measured a maximum dive length of 7.7 min for a subadult leatherback.

¢+ Green Sea Turtle (Chelonia mydas)

Description—The green sea turtle is the largest hard-shelled sea turtle in the Atlantic; adults
commonly reach 100 cm in carapace length (NMFS and USFWS 1991a). Adult carapaces range in
color from solid black to gray, yellow, green, and brown in muted to conspicuous patterns; the
plastron is a much lighter yellow to white. Hatchlings are distinctively black on the dorsal surface and
white on the ventral.

Status—Green sea turtles worldwide are classified as threatened, with the Florida and Mexican
Pacific coast nesting populations listed as endangered under the ESA (NMFS and USFWS 1991a).
There is no estimate of the total number of green sea turtles in the North Atlantic Ocean.

Habitat Preferences—“Lost year” green sea turtles are believed to reside in oceanic waters for a
period of three to seven years (Balazs 1999). Once they reach a carapace length of 20 to 25 cm,
greens then migrate to shallow nearshore areas where they spend the majority of their lives as late
juveniles and adults (NMFS and USFWS 1991a; Ernst et al. 1994; Bjorndal and Bolten 1998). In
laboratory experiments, Mellgren et al. (1994) found that hatchling green turtles did not orient to or
congregate in artificial weed beds or in real seaweeds. They concluded that the “lost year” habitat of
the green sea turtle has yet to be determined, although Carr and Meylan (1980) present direct
evidence of hatchlings taking refuge in and around Sargassum rafts.

The optimal habitats for benthic-stage juveniles and adults are warm waters that (1) are quiet and
shallow, (2) possess an abundance of submerged vegetation (seagrasses and/or algae), and (3) are
located in close proximity to nearshore reefs or rocky areas that are used for resting (Ernst et al.
1994). Green sea turtles will feed as deep as their primary food source will grow (Bjorndal personal
communication). In Hawaii, green sea turtles have been found foraging in waters as deep as 20 to 50
m (Brill et al. 1995).

Critical habitat for the green sea turtle includes the waters surrounding Culebra out to 3 NM (5.6 km)
(NMFS 1998) (Figure 3-4). These waters are known to harbor a large population of juvenile and
subadult greens, which use the area as a developmental feeding habitat (Collazo et al. 1992).

Distribution—Green sea turtles are distributed circumglobally in tropical and sub-tropical waters
(Ernst et al. 1994). In U.S. Atlantic waters, greens are found around the U.S. Virgin Islands, Puerto
Rico, and the continental U.S. from Texas to Massachusetts (NMFS and USFWS 1991a). Adults are
predominantly tropical and are only occasionally found north of Florida. Most sightings of individuals
north of Florida are of subadults during the warmest parts of the year (Lazell 1980; CETAP 1982;
Burke et al. 1992; Epperly et al. 1995b). Small numbers of immature greens regularly occur as far
north as Long Island, New York (Morreale et al. 1992). Long Island’s waters are warm enough to
support green sea turtles from June through October (Morreale et al. 1992). Individuals avoid
becoming cold-stunned by moving from these waters prior to the onset of winter.

Adult green sea turtles are known to undertake long oceanic migrations between nesting and foraging
habitats. As they grow, most greens move through a series of developmental feeding habitats, which
are often separated by thousands of miles (Hirth 1997). Green sea turtles have been seen in the
open ocean more than 1,600 km from land (Fritts et al. 1983) and can likely traverse an entire ocean
basin during their life cycle (Eckert and Abreu-Grobois 2001). However, since these animals often
feed in shallow waters with an abundance of submerged vegetation, most individuals choose to travel
close to shore (Ernst et al. 1994).

The major Atlantic nesting colonies are located at Aves Island, Venezuela (in the Caribbean Sea,
about 180 km west of Guadaloupe) and on the beaches of Costa Rica and Suriname (in central and
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Figure 3-4. Critical habitat for green sea turtles. Critical habitat extends 3 NM (5.6 km) seaward from the mean
high water line of Culebra, PR. Source information: NMFS (1998).
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South America, respectively) (NMFS and USFWS 1991a). Most nesting in North America occurs in
southeast Florida and Mexico (Meylan et al. 1995), with scattered records in Georgia and the
Carolinas (Peterson et al. 1985; Schwartz 1989; NMFS and USFWS 1991a). Green sea turtles rank
second behind loggerheads in the number of nests laid on U.S. beaches per year (Dodd 1995;
Meylan et al. 1995). Mixed-stock analyses on foraging populations of juvenile green sea turtles have
revealed that developmental feeding habitats likely contain sea turtles from multiple stocks. Green
sea turtles occurring on Caribbean foraging grounds include representatives from the Costa Rican,
U.S., Mexican, Aves Island, Suriname, Ascension Island, and Guinea Bissau (west African) stocks
(Lahanas et al. 1998).

» Information Specific to PROA/St. Croix OPAREA—Based on the sighting data and habitat
preferences of this species, the green sea turtle is expected to occur along the continental shelf
and shelf edge of the Puerto Rico Platform during all seasons (Figure C-3). Juvenile and subadult
green turtles are known to forage throughout the coastal areas surrounding Puerto Rico and the
Virgin Islands (Hillis-Starr et al. 1998), utilizing seagrass bed habitats for feeding and coral reef
habitats for resting (refer to Figures 4-2 and 4-3). Dense aggregations of green sea turtles are
known to inhabit the waters surrounding Culebra, Vieques, and Naval Station Roosevelt Roads
(Rathbun et al. 1985; Collazo et al. 1992; DoN 2001). These areas of concentrated occurrence
not only coincide with areas where sightings are frequent, but they also coincide with areas where
extensive seagrass beds are known to exist. Smaller, but still significant, foraging populations are
known to reside along the northern coast of Puerto Rico (Rathbun et al. 1985), the southern and
eastern coast of St. Thomas (Vicente and Tallevast 1995), and the eastern end of St. Croix
(Ogden et al. 1983).

Waters of the PROA/St. Croix OPAREA that are too deep to promote growth of both seagrasses
and coral reefs are designated as areas of low/unknown occurrence during all seasons. The
occurrence of greens in waters far past the shelf break is also low/unknown as a result of low
survey effort in these areas. Green sea turtle hatchlings, juveniles, and adults, however, may be
present in deep waters while in transit to nursery, developmental, or nesting habitats. Several
immature green sea turtles tagged in the U.S. Virgin Islands were later recaptured as far away as
the Bahamas, the Grenadines, and the Dominican Republic (Boulon 1989).

Behavior and Life History—Adult green sea turtles feed on submerged seagrasses (e.g., turtle
grass, manatee grass, and shoal grass) and algae (Burke et al. 1992; Ernst et al. 1994; Bjorndal
1997). Hatchlings and juveniles are more omnivorous, feeding on a variety of invertebrates and fishes
as well (Ernst et al. 1994). Observations of foraging adult green sea turtles in Hawaiian waters
suggest that when individuals feed, they generally lie down on the sea bottom and then crawl or move
to a nearby site when food is no longer within easy reach (Hochscheid et al. 1999).

Green sea turtles are estimated to take 27 to 50 years to reach sexual maturity, the longest age to
maturity for any sea turtle species (Frazer and Ehrhart 1985). Mature females nest from one to seven
times in a season (two to three is typical) at approximately two-week intervals, and reproduce every
two to four years (NMFS and USFWS 1991a). Within a nesting season, the female remains in close
proximity to the nesting beach during the inter-nesting intervals (Meylan 1995). Between 110 and 145
eggs are laid at a time, and the incubation period is 50 to 60 days. In the Caribbean, green sea turtle
nesting peaks from June to August, although in Puerto Rico it is known to occur as early as March
(Hall 1994).

Green sea turtles typically make dives shallower than 30 m (Hochscheid et al. 1999; Hays et al.
2000); however, a maximum dive depth of 110 m has been recorded in the Pacific Ocean (Berkson
1967). The maximum dive time recorded for a subadult green sea turtle is 66 min, with routine dives
ranging from 9 to 23 min (Brill et al. 1995).
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¢

Hawksbill Sea Turtle (Erefmochelys imbricata)

Description—The hawksbill sea turtle is a small to medium-sized sea turtle, with an adult carapace
length of 65 to 90 cm (Witzell 1983). Hawksbills are distinguished from other sea turtles on the basis
of their hawk-like beaks, posteriorly overlapping carapace scutes, and two pairs of claws on their
flippers.

Status—Hawksbill sea turtles are classified as endangered under the ESA and are second only to
the Kemp’s ridley in terms of endangerment (NMFS and USFWS 1993; Bass 1994). Hawksbill
populations in the western Atlantic-Caribbean region are considered as greatly depleted and only
remnants of much larger aggregations in the past. The most recent estimate of hawksbill abundance
in the wider Caribbean was 4,975 nesting females calculated by Meylan in 1989 (Meylan and
Donnelly 1999). In U.S. waters, hawksbill populations are noted as neither declining nor showing
indications of recovery (Plotkin 1995). Only five regional populations worldwide remain with more than
1,000 females nesting annually (Seychelles, Mexico, Indonesia, and two in Australia) (Meylan and
Donnelly 1999).

Habitat Preferences—Hawksbills inhabit oceanic waters as hatchlings and small juveniles, where
they are sometimes associated with floating patches of Sargassum (Parker 1995). Larger juveniles
and adults inhabit shallow nearshore feeding areas in the tropics associated with coral reefs,
mangroves, or other hard bottom habitats. Adults may occupy somewhat deeper waters (to 24 m)
than juveniles (to 12 m) (NMFS and USFWS 1993).

Critical habitat for the hawksbill sea turtle includes the waters surrounding Mona Island, PR out to 3
NM (5.6 km) (NMFS 1998) (Figure 3-5). The waters surrounding Mona and Monito Islands provide
suitable habitat for both nesting females and foraging juveniles (Diez and van Dam 1996; Diez et al.
1996). Using molecular data, Bowen et al. (1996) showed that the hawksbill foraging population
surrounding Mona Island was largely composed of sea turtles from several distant rookeries.

Distribution—Juvenile and adult hawksbills are found throughout the Gulf of Mexico, Caribbean, and
along the Atlantic coast of southern Florida, rarely venturing as far north as New England (Lazell
1980; Witzell 1983; NMFS and USFWS 1993). Originally thought to be a non-migratory species, due
to the close proximity of suitable nesting beaches to coral reef feeding habitats and high rates of local
recapture, hawksbills are now known to travel long distances over the course of their lives (Meylan
1999a). Tag return, genetic, and telemetry studies have all indicated that Caribbean hawksbill sea
turtles utilize multiple developmental habitats as they progress from age-class to age-class. However,
within a given life stage, such as the later juvenile stage, some hawksbills choose to be sedentary
within a specific developmental habitat for a long period of time (Meylan 1999a). Hawksbills tend to
nest in multiple, small, scattered colonies, with the most significant nesting in the western North
Atlantic occurring along the Yucatan Peninsula, Mexico. An estimated 1,900 to 4,300 adult females
comprise the Mexican Atlantic nesting population (Gardufio et al. 1999).

» Information Specific to PROA/St. Croix OPAREA—As indicated by the available sighting data and
the primary literature on this species, the hawksbill, like the green sea turtle, also tends to forage
throughout the coastal areas surrounding Puerto Rico and the Virgin Islands. As a result of their
preference for nearshore feeding areas, hawksbills are expected to occur during all seasons in
continental shelf and shelf edge waters where coral reef and hard bottom habitats are prevalent
(refer to Figures 4-2 and 4-3). Areas of concentrated occurrence include the waters surrounding
Culebra, Vieques, Buck Island, the eastern end of St. Croix, and the southeastern coast of Puerto
Rico near Humacao (Figure C-4). After Mona Island, which is west of the PROA/St. Croix
OPAREA, these areas are the next most important in terms of suitable habitat for both adult
nesting and juvenile foraging (Hillis and Phillips 1996; Starbird et al. 1999; Fleming 2001). Puerto
Rican beaches produce an estimated 650 hawksbill nests each year, while the beaches of Buck
Island and the east end of St. Croix are expected to produce an additional 400 nests per year
(Plotkin 1995). The majority of these nests are located on beaches lying adjacent to the areas of
concentrated occurrence (Meylan 1999Db).
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Figure 3-5. Critical habitat for hawksbill sea turtles. Critical habitat extends 3 NM (5.6 km) seaward from the
mean high water line of Mona Island, PR. Source information: NMFS (1998).
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In deeper waters, where coral reefs and hard bottom substrate are scarce and survey effort is
low, the occurrence of hawksbill sea turtles is low/unknown. However, hawksbills are known to
make long-distance migrations throughout the Caribbean region. Adult and immature hawksbills
tagged at Buck Island, St. Croix, and St. Thomas, USVI have been recaptured in waters off of
Cuba, Nicaragua, the Dominican Republic, St. Lucia, St. Martin, and even Venezuela (Boulon
1989; Groshens and Vaughan 1994; Hillis 1994).

Behavior and Life History—Hatchlings and small juveniles are believed to utilize Sargassum habitat
but little is known about their diets during this stage. Hawksbill sea turtles recruit to benthic feeding
habitats, such as coral reefs and other hard bottom habitats, at 20 to 25 cm (Meylan 1988). Scientists
believe that hawksbills are omnivorous at that stage, feeding on encrusting organisms such as
sponges, tunicates, bryozoans, algae, mollusks, and a variety of other items such as crustaceans and
jellyfish (Bjorndal 1997). Larger juveniles and adults are more specialized, feeding primarily on
sponges, which comprise as much as 95% of their diet in some locations (Witzell 1983; Meylan
1988).

The nesting season of hawksbills is the longest of all sea turtles; nesting may occur year-round. In the
western North Atlantic nesting occurs primarily between spring and late fall, with a peak in nesting
activity between July and October (Witzell 1983). Mating is believed to take place in the waters
adjacent to the nesting beach. Nesting occurs on both low- and high-energy beaches in tropical
latitudes. Adult female nesting is often nocturnal and usually occurs on beaches with sufficient
vegetative cover. An individual female nests two to five times per season with an inter-nesting interval
of about 14 to 16 days. The typical remigration interval is two to three years. Clutch sizes are
relatively large at 140 to 180 eggs, and incubation time is 50 to 61 days.

Hawksbills may have one of the longest routine dive times of all the sea turtles. Starbird et al. (1999)
reported that inter-nesting females at Buck Island averaged 56.1 min dives with a maximum dive time
of 73.5 min. Mean surface time was about 2 min. Average dives during the day ranged from 34 to 65
min, while those at night were between 42 and 74 min. The movements of all the turtles studied were
confined to an area less than 1.5 square kilometers (kmz). Data from time-depth recorders have
indicated that foraging dives of immature hawksbills in Puerto Rico range from 8.6 to 14 min in
duration and have a mean depth of 4.7 m (van Dam and Diez 1996). These individuals were found to
be most active during the day and mostly inactive at night.

¢+ Loggerhead Sea Turtle (Caretta caretta)

Description—Loggerheads are large, hard-shelled sea turtles. The mean straight carapace length of
adult southeastern U.S. loggerheads is approximately 92 cm (NMFS and USFWS 1991b).
Loggerhead sea turtles have substantially larger heads for a given size than other sea turtles. Adults
and subadults are mainly reddish-brown in color on top and yellowish-colored underneath.

Status—Loggerhead sea turtles are classified as threatened under the ESA. There is no estimate of
the size of the loggerhead population in the western North Atlantic (Frazer 1998). The south Florida
nesting subpopulation is the largest loggerhead rookery in the Atlantic Ocean (approximately 83,400
nests in 1998) and is the second largest in the world (TEWG 2000). Nesting trends indicate that the
number of nesting females associated with the south Florida subpopulation is increasing (Epperly et
al. 2001). However, environmental groups have recently petitioned for both the northern and Florida
panhandle nesting subpopulations to be re-designated from threatened to endangered status due to
continually decreasing numbers of nesting females over the past decade (TIRN 2002).

Habitat Preferences—The loggerhead sea turtle occurs worldwide in habitats ranging from coastal
estuaries to waters far beyond the continental shelf (Dodd 1988). Loggerheads are primarily oceanic
as post-hatchlings and early juveniles, often occurring in Sargassum drift lines where they are
transported throughout the ocean by dominant currents (Carr 1987; Witherington 1994a; Bolten and
Balazs 1995). In the North Atlantic Ocean, it is hypothesized that during the “lost year,” early juvenile
loggerheads inhabit the pelagic zone of the North Atlantic Gyre system (Carr 1987). Immature pelagic
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loggerheads apparently shift to a different mid-water feeding habitat; in the eastern North Atlantic the
mid-water habitat is believed to be the waters surrounding the Azores and Madeira (Brongersma
1972; Bolten et al. 1994; Bolten et al. 1998). After reaching a certain size, early juvenile loggerheads
will then make a trans-oceanic crossing back towards the western Atlantic (Musick and Limpus 1997).
As adults, subadults, and late juveniles, loggerheads most often occur on the U.S. Atlantic continental
shelf and shelf-edge as well as in coastal estuaries and bays (CETAP 1982; Shoop and Kenney
1992).

Developmental habitat for loggerheads includes lagoons, bays, river mouths, and coastal waters
typically less than 100 m deep (TEWG 1998). Based on growth models, it is hypothesized that
loggerhead subadults occupy coastal feeding grounds for 20 years before their first reproductive
migration (Bjorndal et al. 2001).

Musick and Limpus (1997) hypothesized that juvenile loggerheads in the Atlantic and Pacific Oceans
inhabit mid-oceanic regions far from the continental shelf, where they use the predominant ocean
gyres to assist in their migrations. Loggerheads in the Pacific Ocean have been observed feeding on
prey items that tend to aggregate along convergence fronts (Polovina et al. 2000). In the
northwestern Atlantic Ocean, the Gulf Stream current has a considerable influence on loggerhead
sea turtle distribution (Hoffman and Fritts 1982; Thompson 1984; Chester et al. 1994; Epperly et al.
1995c). This species appears to actively avoid the Gulf Stream in fall to prevent being transported
northward but seeks areas where warm waters are associated with the western wall of the Gulf
Stream (Hoffman and Fritts 1982; Thompson 1984; Chester et al. 1994; Epperly et al. 1995c). Coles
and Musick (2000) identified an upper (28°C) and lower (13.3°C) thermal limit as preferred sea
surface water temperatures for loggerhead sea turtles off North Carolina.

Distribution—Loggerhead sea turtles are found in subtropical and temperate waters throughout the
world (NMFS and USFWS 1991b). The loggerhead is the most abundant sea turtle occurring in U.S.
waters, numbering in the thousands throughout inner continental shelf waters from Cape Cod, MA to
southern Florida. However, north of Cape Cod leatherbacks are the more abundant species (Shoop
and Kenney 1992), while around Puerto Rico and the Virgin Islands loggerheads are much less
abundant than greens, hawksbills, and leatherbacks (Hillis-Starr et al. 1998).

Off the northeast U.S., loggerheads are commonly sighted from the shore to the shelf break as far
north as Long Island, although further north and east, sightings are sparse (CETAP 1982; Shoop and
Kenney 1992). Loggerheads are generally restricted to mid-Atlantic waters below 38°N, with mean
surface temperatures of 22.2°C (Shoop and Kenney 1992). North of Cape Hatteras, loggerhead sea
turtle occurrence is highly seasonal, primarily from May to October with a peak in June, though
sightings have occurred in all months of the year (CETAP 1982; Lutcavage and Musick 1985; Shoop
and Kenney 1992). South of Cape Hatteras, loggerhead sea turtles are year-round residents. During
winter, most loggerheads are concentrated in waters of the southeast U.S. between 20 and 40 m
deep (Schroeder and Thompson 1987). In warmer months (June through September), loggerheads
tend to stay within 2 to 3 km of the shore, although individuals are sometimes found far offshore (Lee
and Palmer 1981). Two loggerheads that were satellite-tracked off North Carolina were later found to
have entered and traveled in the Gulf Stream (Keinath et al. 1996).

Loggerhead sea turtles nest almost exclusively in warm-temperate regions. Migrations from foraging
grounds to nesting beaches may range from a few to thousands of kilometers (Meylan 1995).
Females typically nest on continental coastlines adjacent to warm-temperate currents (Dodd 1988). In
the western North Atlantic Ocean there are at least four demographically independent loggerhead
nesting groups or subpopulations: (1) Northern: North Carolina, South Carolina, Georgia, and
northeast Florida (approximately 7,500 nests in 1998); (2) South Florida: occurring from 29°N on the
east coast to Sarasota on the west coast (approximately 83,400 nests in 1998); (3) Florida
Panhandle: Eglin Air Force Base and the beaches near Panama City, FL (approximately 1,200 nests
in 1998); and (4) Yucatan: the eastern shore of the Yucatan Peninsula, Mexico (approximately 1,000
nests in 1998) (Encalada et al. 1998; TEWG 2000). Small but significant nesting aggregations are
also known from the Dry Tortugas, the Bahamas, and Cuba (Dodd 1988; Eckert et al. 1992).
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Genetic evidence has shown that groups of benthic-feeding immature loggerheads on foraging
grounds comprise a mix of subpopulations (Sears et al. 1995; TEWG 1998; Epperly et al. 2001). At
least two of the subpopulations intermingle on the foraging grounds of the U.S. Atlantic coast.
Norrgard (1995) found that turtles hatched from the northern subpopulation rookeries selectively use
more northerly summer developmental habitats (such as Chesapeake Bay) than loggerheads from
Florida rookeries. Epperly et al. (2001) reported that the northern subpopulation accounts for 46% of
the loggerheads observed in Virginia. The south Florida subpopulation composes 65 to 66% of the
loggerheads off the Carolinas and declines to 46% north of Cape Hatteras (Epperly et al. 2001).
Genetic data collected from loggerheads in the Albemarle-Pamlico Estuarine Complex revealed that
loggerheads from the south Florida subpopulation were most abundant there (Epperly et al. 2001).

> Information Specific to PROA/St. Croix OPAREA—As demonstrated by the small number of
sightings, strandings, and incidental bycatches, the occurrence of loggerhead sea turtles in the
PROA/St. Croix OPAREA is low/unknown during all seasons (Figure C-5). Loggerhead
encounters in the waters surrounding Puerto Rico and the Virgin Islands are infrequent and
almost always involve individuals that are in transit to more temperate foraging or nesting areas
(Hillis-Starr et al. 1998). Nesting in this region is rare, as indicated by the lack of nesting data for
both Vieques and the British Virgin Islands (Rainey 1979; Eckert et al. 1992; DoN 1996).
However, since both the Caribbean Sea Current and the Antilles Current sweep past the waters
of the PROA/St. Croix OPAREA (see Figure 4-1), it is probable that small numbers of juvenile
loggerheads may be present in the waters surrounding Puerto Rico and the Virgin Islands at any
time. Entrained loggerheads may travel with these currents on their way from the early juvenile
developmental habitat off Europe to the late juvenile developmental habitat off the eastern U.S.,
Cuba, and Mexico (Eckert and Abreu-Grobois 2001).

Behavior and Life History—The diet of a loggerhead sea turtle changes with age and size of the
turtle. The gut contents of post-hatchlings found in masses of Sargassum contained parts of
Sargassum, zooplankton, jellyfish, larval shrimp and crabs, and gastropods (Carr and Meylan 1980;
Richardson and McGillivary 1991; Witherington 1994b). Juvenile and subadult loggerhead sea turtles
are omnivorous, foraging on pelagic crabs, mollusks, jellyfish, and vegetation captured at or near the
surface (Dodd 1988). Adult loggerheads are generalized carnivores that forage on nearshore benthic
invertebrates (Dodd 1988).

Estimates of the age at sexual maturity for western Atlantic loggerheads range from 12 to 30 years
(Zug et al. 1986; Klinger and Musick 1992). Females typically nest three to five times per season, at
about two-week intervals (Dodd 1988; Frazer 1998). Loggerhead clutches contain between 95 and
150 eggs and often take 60 days to incubate. The most common inter-nesting interval is two years
(Dodd 1988; Frazer 1998). Most nesting in the U.S. occurs between April and September (NMFS and
USFWS 1991b).

On average, loggerhead sea turtles spend over 90% of their time underwater (Byles 1988; Renaud
and Carpenter 1994). Routine dive depths of 9 to 22 m have been recorded (e.g., Byles 1988;
Sakamoto et al. 1990). Dives of up to 233 m were recorded for a post-nesting female loggerhead
(Sakamoto et al. 1990). Routine dives typically can last from 4 to 172 min (Byles 1988; Sakamoto et
al. 1990; Renaud and Carpenter 1994).

+ Kemp'’s Ridley Sea Turtle (Lepidochelys kempii)

Description—The Kemp’s ridley is the smallest living sea turtle. The straight carapace length is
around 65 cm; adult Kemp’s ridley shells are almost as wide as they are long (USFWS and NMFS
1992). The carapace is round to somewhat heart-shaped and distinctly light gray.

Status—Kemp’s ridley sea turtles are classified as endangered under the ESA (USFWS and NMFS
1992); they are considered the most imperiled of the world’s sea turtles. The worldwide Kemp’s ridley
population declined in numbers from tens of thousands of nesting females in the late 1940s to
approximately 300 nesting females in 1985 (TEWG 2000). From 1985 to 1999, the number of nests at
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Rancho Nuevo, Tamaulipas Mexico (the most important Kemp’s ridley nesting beach) and nearby
beaches has increased at a mean rate of 11.3% per year (TEWG 2000). Current totals at these
beaches exceed 3,000 nests per year (TEWG 2000). There are no estimates of the total abundance
of the population (Weber 1995).

Habitat Preferences—Kemp’s ridley sea turtles occur in open-ocean habitats as post-hatchlings and
young juveniles, and then move to benthic, inshore and nearshore feeding grounds in warm waters
as older juveniles and adults.

Scientists have developed a habitat suitability index (HSI) model for the Kemp’s ridley based on what
is known of its habitat preferences. In addition to water temperature, habitat factors of critical
importance to this species include water depth and prey abundance. Using what is known about the
affinity of the Kemp's ridley for shallow coastal waters and their aversion to cold temperatures,
scientists have made estimates regarding the suitability of various parts of the northwestern Atlantic
Ocean and Gulf of Mexico for the species (Coyne et al. 1998). In this theoretical, quantitative model,
the most optimal habitats for Kemp’s ridleys are those with a bottom depth of less than 10 m and a
sea surface temperature between 22° and 32°C. A cycling of HSI model outputs by month for the
Atlantic and Gulf coasts can be viewed at http://www.seaturtle.org/research/hsi.html. Habitat
suitability indices have not been devised for the Caribbean, as this species likely does not venture
into this region.

Distribution—Kemp’s ridley sea turtles are restricted to the North Atlantic Ocean (Marquez-M. 1994).
They occur primarily in the Gulf of Mexico but occur in moderate numbers along the northeast U.S.
coast as far north as Nova Scotia (Lazell 1980; Morreale et al. 1992). Juveniles and subadults are the
main age-classes found in the northern part of their range. Kemp’s ridleys are reported eastward as
far as the British Isles, Netherlands, France, and the Azores (Brongersma 1995).

Nesting occurs primarily at Rancho Nuevo in Tamaulipas, Mexico (USFWS and NMFS 1992) with a
few additional nests in Texas, Florida, South Carolina, and North Carolina (Meylan et al. 1990; Weber
1995; Foote and Mueller 2002). Kemp’s ridleys that nest in south Texas today are likely a mixture of
returnees from the experimental imprint/head-start project and others from the wild stock (Shaver and
Caillouet 1998).

Oceanic transport of neonate Kemp’s ridleys is primarily controlled by patterns of circulation in the
Gulf of Mexico (Collard 1990b). Some juveniles are probably retained in the northern Gulf of Mexico,
until they migrate inshore and become demersal. Others may be swept out of the Gulf of Mexico by
the Loop and Florida Currents and then carried north along the U.S. Atlantic coast by the Gulf Stream
(Collard and Ogren 1990). These currents transport juvenile sea turtles until they reach a size of
approximately 20 to 30 cm, at which point they actively migrate to neritic developmental habitats
(TEWG 1998). Along the Atlantic coast, known feeding areas include Cape Cod Bay, Long Island
Sound, Chesapeake Bay, and the bays and sounds from North Carolina south (Lazell 1980; Lee and
Palmer 1981; Lutcavage and Musick 1985; Barnard et al. 1989; Weber 1995). In the Gulf of Mexico,
feeding areas occur along the entire coastline of the U.S. and Mexico (Renaud 1995).

Adults appear to remain in the Gulf of Mexico, with an occasional occurrence in the Atlantic Ocean.
Satellite-tracked adult females moved very little and maintained relatively small ranges, while nothing
is known of the ranging patterns of adult males (Weber 1995).

> Information Specific to PROA/St. Croix OPAREA—There are no records of Kemp’s ridley sea
turtles in the vicinity of the PROA/St. Croix OPAREA; therefore, an occurrence map for this
species is not provided. Up until 1990, there were no records of Kemp’s ridley occurrences in the
entire Caribbean region (Ross et al. 1989). The only confirmed sighting of this species in the
Caribbean occurred during an incidental capture near Miskito Cay, Nicaragua (Manzella et al.
1991). Since Nicaragua is a great distance away from Puerto Rico and the Virgin Islands, it is
highly unlikely that a Kemp’s ridley will ever be encountered in the PROA/St. Croix OPAREA.
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Behavior and Life History—Kemp’s ridley sea turtles feed primarily on portunids and other crabs but
also are known to eat mollusks, shrimp, fish, and plant material (Ernst et al. 1994; Marquez-M. 1994).
This species may possibly feed on shrimp fishery bycatch (Landry and Costa 1999).

The Kemp’s ridley is a daytime nester with mass nesting taking place on windy days (Marquez-M.
1990). Females are estimated to become sexually mature at ages of 11 to 12 years. Females nest
approximately every two years, usually doing so between April and mid-August. A typical female
produces about three clutches averaging 110 eggs at 20- to 28-day intervals (Miller 1997). Incubation
time from deposition to emergence is 48 to 65 days.

Few data are available on the maximum duration of dives. Satellite-tagged juvenile Kemp’s ridley sea
turtles show different mean surface intervals and dive depths depending on whether they are located
in shallow coastal areas (short surface intervals) or in deeper, offshore areas (longer surface
intervals). Dive times have been documented to range from a few seconds to a maximum of 167 min
with routine dives lasting between 16.7 and 33.7 min (Mendonca and Pritchard 1986; Renaud 1995).
Over a 12-hour period Kemp’s ridleys will spend between 89% and 96% of that time submerged
(Byles 1989; Gitschlag 1996).

+ Olive Ridley Sea Turtle (Lepidochelys olivacea)

Description—The olive ridley is a small, hard-shelled sea turtle named for its olive green colored
shell. Adults often measure between 60 and 70 cm in carapace length (NMFS and USFWS 1998).
The olive ridley differs from the Kemp’s ridley in that it possesses a smaller head, a narrower
carapace, and several more lateral carapace scutes than its relative.

Status—Olive ridleys are classified as threatened under the ESA, although the Mexican Pacific coast
population is labeled as endangered. Since listing, there has been a general decline in the
abundance of this species (NMFS and USFWS 1998). For example, nesting populations in the
western North Atlantic have declined more than 80% since 1967 (Reichart 1993). However, in terms
of absolute numbers, the olive ridley is considered the most abundant of the world’s sea turtles,
although there are no current estimates of worldwide abundance.

Habitat Preferences—Olive ridley sea turtles typically inhabit offshore waters, foraging either at the
surface or at depth (up to 150 m). Strangely enough, the habitat preferences of the olive ridley more
closely parallel those of the leatherback sea turtle rather than those of its relative, the Kemp’s ridley
(NMFS and USFWS 1998). Olive ridleys and leatherbacks both occupy oceanic habitats and both
nest primarily on the Pacific shores of the American tropics and in the Guianas. Both species also
nest in moderate numbers in tropical West Africa and southern Asia, and in relatively small numbers
elsewhere (both rarely nest in Australia and on other smaller oceanic islands in the Pacific Ocean).

Distribution—The olive ridley sea turtle is a pantropical species, occurring worldwide in tropical and
warm temperate waters. In the Atlantic Ocean, the olive ridley occurs along the coasts of both Africa
and South America, but probably not in great abundance. Atlantic olive ridleys nest primarily in the
Guianas and Surinam; however, they are rarely found in the Caribbean Sea north of Trinidad. In the
Pacific Ocean the range of the olive ridley is much more extensive, with individuals regularly
occurring in waters as far north as California and as far south as Ecuador (NMFS and USFWS 1998).

» Information Specific to PROA/St. Croix OPAREA—As indicated by the lack of occurrence
records, minus the lone incidental bycatch off the west coast of Puerto Rico, olive ridley sea
turtles are not expected to occur in the PROA/St. Croix OPAREA and vicinity during any season
(Figure C-6). Caldwell and Erdman (1969) noted that olive ridleys are very rare in Puerto Rican
waters, since the Greater Antilles are located beyond the northern portion of the species’ Atlantic
range. Extralimital sightings, strandings, and bycatch have been documented, though, in Cuba,
Puerto Rico, and islands in the eastern Caribbean (Caldwell and Erdman 1969; Marquez-M.
1990; Horta et al. 2000; Moncada et al. 2000). However, events such as these are extremely
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uncommon and are always a result of individuals wandering or drifting (if dead) beyond their
normal range (Reichart 1993; Moncada et al. 2000).

Behavior and Life History—The olive ridley sea turtle eats a variety of benthic and pelagic prey
items, with crustaceans and fish serving as their main food source (NMFS and USFWS 1998).

Like the Kemp’s ridley, the olive ridley is also known for nesting en masse. However, in the western
Atlantic Ocean, it has been over 20 years since this activity was last observed (Eckert and Abreu-
Grobois 2001). There is currently no estimate of the age at which females begin to reproduce;
however, the average length of nesting olive ridleys at Playa Nancite, Costa Rica was 63.3 cm.
Nesting occurs throughout the year, although it peaks from September to December in the Pacific
Ocean. Females usually nest every one to two years. A typical female produces two clutches per
nesting season averaging 105 eggs at 15- to 17-day intervals for lone nesters and 28-day intervals for
mass nesters (NMFS and USFWS 1998). Incubation time from deposition to emergence is
approximately 55 days.
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4.0 HABITATS OF CONCERN
4.1 MACROALGAE—SARGASSUM

Sargassum natans and S. fluitans are pelagic brown algae that grow as clumps and mats of floating
marine vegetation. Sargassum forms an integral habitat for a varied array of marine flora and fauna
(Settle 1993). Nearly 90% of the pelagic Sargassum circulating in the North Atlantic is comprised of the
species S. natans (SAFMC 1998a). The remaining 10% is made up of S. fluitans and a small amount of
sessile/benthic Sargassum loosened from the seafloor (Dooley 1972). Individual plants of both pelagic
species typically grow 20 to 80 cm in length and have a highly branched thallus (stem) with numerous
leafy blades and berry-like pneumatocysts (air bladders) (SAFMC 1998a). Pelagic Sargassum is entirely
holopelagic, propagating and growing exclusively at the sea surface throughout its life span (Butler et al.
1983). Sessile/benthic Sargassum is attached to bottom substrates by means of a holdfast (Kaplan 1988;
Humann 1998). Sexual reproduction is not known to occur in either pelagic species. Sargassum appears
to propagate asexually by fragmentation and continual growth (Coston-Clements et al. 1991). In the
Caribbean Sea, Sargassum mats attract opportunistic foragers such as the dolphinfish, which feed on
Sargassum-associated fishes such as the Sargassum triggerfish (Oxenford and Hunte 1999). Large
oceanic pelagic fishes that feed around Sargassum aggregations are important to commercial, artisanal,
and recreational fisheries in the Caribbean Sea. Sargassum aggregations in the Caribbean Sea also host
larval fishes that are transported from the Caribbean region and that take up residence in North American
waters and estuaries (Frias-Torres and Gilmore 1999).

4.1.1 Pelagic Movements of Sargassum

Sargassum movement and aggregation in the ocean is often determined by local surface circulation. It
frequently aggregates into mats or meandering rows, called windrows or weed lines formed by wind-
generated, helical, vertical eddies known as Langmuir circulation cells. Linear aggregations also form
along thermal fronts where the intersection of warm and cool water masses create frontal boundaries
(Coston-Clements et al. 1991). Small frontal eddies that veer off the major currents of the North Atlantic
Gyre also aggregate Sargassum at the surface (Butler et al. 1983). Predicting the occurrence and activity
of any of these three of these aggregating mechanisms is similar to predicting weather patterns and is
limited in scope and accuracy. Human-made debris is often found floating in Sargassum weed lines.

In addition to the lateral movements of pelagic Sargassum at the sea surface, an unknown quantity of
Sargassum travels downward from the surface to the seafloor. This can occur after the death of a clump
of large plants, when large epiphytes make the Sargassum clump negatively buoyant, or when
transported by downwelling currents. Sargassum can thus be a source of nutrients for bottom-dwelling
organisms (Schoener and Rowe 1970).

4.1.2 Sargassum Habitat

Pelagic Sargassum contributes very little primary productivity to the upper water column of the Sargasso
Sea or Caribbean Sea, but it does, however, play an important role as a habitat for other marine
organisms. In particular, floating Sargassum serves as a temporary habitat for sea turtle hatchlings, and
larval and juvenile stages of over 100 fish species (SAFMC 1998a). The habitat created by Sargassum
aggregations also supports a diverse and highly adapted resident assemblage of marine organisms such
as fungi, micro- and macro-epiphytes, hydroids, crustaceans, and fishes. Four species of sea turtles and
numerous marine birds use pelagic Sargassum habitat as well (SAFMC 1998a). Sea turtle hatchlings are
known to associate with pelagic Sargassum habitat during their “lost years” when they drift along with the
floating mats. This association is thought to play a vital role in the life of young turtles (Carr 1987). Fronts
and eddies of major currents located near the turtles’ nesting beaches are likely places where both
hatchling sea turtles and Sargassum will occur. Unfortunately, there is currently a lack of information
describing the association of sea turtles with pelagic Sargassum in the vicinity of the PROA/St. Croix
OPAREA. However, any pelagic Sargassum mats drifting at sea have the potential for hosting young sea
turtles since both are found with currents, and can travel for long distances from their points of origin
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(Carr 1987). Sargassum aggregations located downstream of nesting beaches would generally be more
likely to have hatchlings than those mats drifting in from the northeastern portions of the North Atlantic.

Juvenile fishes are by far the dominant vertebrate inhabitants of pelagic Sargassum habitats, yet adults of
many large pelagic fish species are also commonly found swimming under and around Sargassum weed
lines. These fishes are thought to be attracted to the drifting algal mats for a number of reasons, including
its use as a foraging area, for protection from larger predators, and as a spawning ground (SAFMC
1998a). Fish population studies have indicated that temporal and geographic factors affect the
composition and abundance of the fish species found associating with the algal mats (Settle 1993;
SAFMC 1998a). In addition, the occurrence of associated fishes is affected by mat morphology and age
(SAFMC 1998a). The size and shape of mats were found to significantly affect the relative diversity of
Sargassum-associated fishes, with more fish species seen under larger mats than small clumps (Moser et
al. 1998).

4.1.3 Status of Sargassum

Currently, the status of Sargassum in the North Atlantic, Caribbean, and Gulf of Mexico is uncertain.
While the exact total biomass of pelagic Sargassum is unknown, estimates of standing crop in the
Sarga